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Abstract

Stereoisomerism, a fundamental
concept in chemistry, plays a pivotal role in
drug design and development.  While
having the same chemical formula,
stereoisomeric medications, which include
enantiomers and  diastereomers, have
different three-dimensional atomic
configurations. This review investigates
the stereoisomeric drugs, examining how
chirality has a significant impact on
pharmacological characteristics,
pharmacokinetics, and therapeutic results. It
is essential for pharmaceutical researchers
and healthcare providers to comprehend the
importance of these modest structural
differences. This review clarifies the
tremendous effects of stereoisomerism on
medication development, efficacy, safety,
and personalised medicine by providing a
brief summary of recent studies and
examples across various drug classes. This
review intends to advance our knowledge of
medicinal chemistry and stimulate new
developments in the field by shedding light

on the complexity of stereoisomeric
medicines.
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I. INTRODUCTION

The idea of stereochemistry has become an alluring and significant element in the
field of pharmaceuticals, where accuracy and efficacy are crucial [1]. The fascinating group
of medicinal substances known as stereoisomeric drugs, sometimes referred to as
stereoisomers or enantiomers, has chemical formulas that are similar but differs in the spatial
arrangement of its atoms. Due to this spatial arrangement, separate mirror-image structures
emerge, giving rise to two or more enantiomers or chiral variants of the same molecule. The
word "chiral” comes from the Greek word for "hand,"” since these isomers are comparable to
left and right hands that cannot be superimposed upon one another. The fascinating realm of
stereoisomers and their tremendous effects on drug development, pharmacokinetics, and
therapeutic results are explored in this article. Deciphering the various biological
effects, interactions, and potential adverse effects of medications has proven to be greatly
aided by an understanding of their stereoisomeric nature. The importance of sterecisomeric
medications is seen in their tremendous impact on pharmacological traits and biological
functions. These isomers can interact with biological targets, enzymes, and receptors in the
human body in radically varied ways despite having the identical chemical composition [2].
This dissimilarity can produce significantly different pharmacokinetic and pharmacodynamic
profiles, altering the potency, effectiveness, metabolism, and toxicity of the drug [3]. The
tremendous effects of stereoisomerism on medication action have fundamentally changed
how drugs are designed as pharmaceutical researchers work to maximise the potential of
these molecular wonders [4]. We shall examine the numerous stereoisomeric drugs in this
review, covering both enantiomers and diastereomers. We will carefully study how chirality
affects drug safety, effectiveness, and pharmacokinetics because even little changes in
stereochemistry can have a variety of effects on metabolism, clearance, and drug-drug
interactions. The importance of comprehending stereoisomeric medications cannot be
understated as the study of pharmacology develops. We seek to increase our common
understanding and appreciation of the interaction between chemistry and medicine by
examining the intricate details of these molecules, which will ultimately influence the future
course of pharmaceutical innovation.

Il. STEREOCHEMISTRY AND STEREOISOMERS

The study of stereoisomers, or molecules with identically connected atoms but
different arrangements of atoms in space, falls under the category of stereochemistry, a
branch of chemistry that examines three-dimensional arrangements of atoms and molecules
and their effects on biological systems [5]. The most common types of stereoisomers are the
cis and trans versions of alkenes. Enantiomers and diastereomers are both form of
stereoisomers. The former stereoisomers contain molecules that are non-superposable mirror
images of one another, whereas the latter stereoisomers lack molecules which are mirror
images to each other.

I11.CHIRALITY AND ENANTIOMERS
The enantiomers are two chemical molecules that share a similar structure but exhibit
significantly distinct biological behaviour and chirality of these molecules is a geometric

characteristic that prevents them from superimposing with their mirror images [6]. On the
other hand, achiral molecules are those that overlay with their mirror image. Simply put,
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chirality refers to the right and left handed confirmation of most compounds. For example,
The chiral molecule DNA rotates in a right-handed fashion. In 1848, Louis Pasteur made the
first distinction between two isomers of sodium ammonium tartrate, and this was the
beginning of chiral chemistry. Later, it was discovered that chirality not only affects plant and
animal life, but also exhibits a significant impact on the pharmaceutical, agricultural, and
other chemical industries.

The majority of medications are chiral, which means that even if one mirror form of a
compound has the intended therapeutic effect, a second mirror form may be inactive, have
undesirable therapeutic effects, or even have favourable therapeutic benefits. In some cases,
the second mirror form may also have harmful effects. In the field of pharmaceutical science,
88% of the most recent medications were marketed as racemic mixtures of two equimolar
enantiomers, with 56% of all drugs being chiral. Despite having identical molecular
formulae, atom to atom connections, and bonding distances, simply chiral compounds have a
distinctive architecture that prevents superposition [7].

Therefore, in the environment of biological systems where certain structural activity
relationships are required for effect (like: enzymes, receptors, transporters, etc.), the
physiochemical and biochemical properties of racemic mixes and individual stereoisomer
vary substantially. Chemistry has advanced significantly in recent years, making it possible to
distinguish between two medication enantiomers or between parent molecule and
metabolites. The practise of "chiral switching" allows for the marketing of many medications
as single enantiomers as opposed to their earlier racemic mixed form [8,9].

IV.RACEMIC MIXTURES

Approximately 25% of commercially available medications are racemic mixtures,
which are combinations of more than one stereoisomer rather than a single chemical
substance. The pharmacodynamics and pharmacokinetic characteristics of each stereoisomer
present in the drug's racemic form vary from stereoisomer to stereoisomer [10]. Due to
interactions between stereoisomers or for other reasons, racemic forms, which are present to
provide superior therapeutic effects, may result in higher undesirable consequences [11].

V. NOMENCLATURE OF CHIRAL COMPOUNDS: THE R, S-SYSTEM

Three chemists, R. S. Cahn, C. K. Ingold, and V. Prelog, created the R, S system, also
referred to as the Cahn-Ingold-Prelog criterion of designating chiral compounds. Both of
these molecules, R and S, which stand for right and left, respectively, and are derivations of
the Latin words rectus and sinister, respectively.

All of the atoms connected to the chiral centre are prioritised in the R, S system
according to their atomic number. As the atomic number rises, the priority rises as well.
Priority 1 is indicated by an arrow, followed by priority 2, and so on. The absolute
configuration is R if the arrow moves in a clockwise direction, and S if it moves in an
anticlockwise direction [12-14].
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VI.STEREOISOMERIC DRUGS

1. Thalidomide: Thalidomide was initially marketed as a sedative and antiemetic (anti-
nausea) drug in the late 1950s and early 1960s. It was eventually pulled off the market
because it had been linked to serious teratogenic consequences, particularly when used
during pregnancy, which led to limb abnormalities in new-borns [15]. Understanding the
stereoisomerism of thalidomide is crucial for comprehending both its beneficial
advantages and its terrible adverse effects. The chiral nature of thalidomide means that its
mirror counterpart cannot be superimposed. The carbon atom, which is linked to four
distinct groups, serves as the compound's sole chiral centre.

A phthalimide ring and a glutarimide ring make up the two main components of
thalidomide's structure. The carbon that joins these two rings is where the chiral centre is
found. The 2,6-piperidine-2,6-dione ring of thalidomide contains one stereogenic centre,
which gives rise to the enantiomeric pairs of (S)- and (R)-thalidomide (Figure 1). It is
impossible to superimpose them because they are mirror pictures of one another. Despite
having the same chemical formula, the two enantiomers differ in their three-dimensional
arrangement of atoms [16].Strangely, while (S)-thalidomide was discovered to be a potent
sedative and antiemetic, (R)-thalidomide was determined to be the cause of the
teratogenic symptoms noticed during pregnancy. The medicine was sold as a racemic
combination, which contained equal levels of both enantiomers [17].

O 0
N 0
N 0
0 O 0

O
S-Thalidomide R-Thalidomide
Figure 1: Thalidomide Enantiomers

2. lbuprofen: A common nonsteroidal anti-inflammatory medicine (NSAID) in the class of
propionic acid derivatives is ibuprofen. It is frequently used to lower fever, reduce
inflammation, and relieve pain. The chemical name for ibuprofen is (RS)-2-(4-
isobutylphenyl)propanoic acid [18]. In terms of its stereochemistry, ibuprofen
contains a chiral center, which means it has the potential for two different stereoisomeric
forms. The chiral center in ibuprofen arises from the carbon atom in its 2-position, which
is part of the propionic acid moiety of the molecule. This chiral center gives rise to two
possible stereoisomers: (R)-ibuprofen and (S)-ibuprofen (Figure 2).

The (S)-ibuprofen and (R)-ibuprofen enantiomers exhibit different
pharmacological activities. The majority of ibuprofen's therapeutic actions, such as its
analgesic (pain-relieving), anti-inflammatory, as well as antipyretic (fever-reducing)
qualities, are attributed to its (S)-ibuprofen isomer [19]. On the other hand, the (R)-
ibuprofen isomer has shown to be less active or even inactive in terms of providing pain
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relief and reducing inflammation. It is considered pharmacologically inactive or has much
weaker activity compared to the (S)-ibuprofen. However, research has indicated that the
(R)-ibuprofen isomer might have potential beneficial effects in other areas, such as
neuroprotection and anticancer activity, which are not related to its traditional NSAID
properties [20].

OH -~ “OH

S-lbuprofen R-lbuprofen

Figure 2: Ibuprofen Enantiomers

3. DOPA: DOPA, also known as L-DOPA (L-3,4-dihydroxyphenylalanine) is a naturally
occurring amino acid and a precursor in the biosynthesis of several important
neurotransmitters, including dopamine, norepinephrine, and epinephrine. It is used as a
drug in the treatment of certain medical conditions, most notably Parkinson's disease [21].
It contains a chiral carbon atom, which means it can exist in two stereoisomeric forms: L-
DOPA and D-DOPA (Figure 3). In the context of DOPA as a drug, L-DOPA is the form
commonly used for therapeutic purposes.

Due of its ability to pass the blood-brain barrier and turn into dopamine in the
brain, it is given to individuals with Parkinson's disease. Dopamine is a neurotransmitter
that is essential for controlling movement, and a lack of it is linked to Parkinson's
disease's motor symptoms [22]. D-DOPA, on the other hand, is not typically used in
medicine due to its lack of activity as a dopamine precursor and its limited ability to cross
the blood-brain barrier. Instead, it is mostly used in research or as a reference compound
[23].

O

HO HO
OH

NH,

HO
L-DOPA D-DOPA

HO

Figure 3: DOPA enantiomers

4. Propranolol: Propranolol is a medication used to treat various conditions, primarily
hypertension (high blood pressure) and certain cardiovascular disorders. It is a member of
the class of medications known as beta-adrenergic receptor antagonists, or beta-blockers
[24]. Propranolol's stereochemistry describes how its atoms are arranged in three
dimensions, specifically around its chiral centres. There are two  potential
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stereoisomers of propranolol because it has one chiral centre: (S)-propranolol and (R)-
propranolol (Figure 4). The pharmacological effects of propranolol's two enantiomers are
similar, yet there are several clear differences. The beta-blocker with greater potency is
(S)-propranolol. The majority of beta-1 adrenergic receptors are situated in the heart, and
it has greater affinity and selectivity for these receptors. (S)-propranolol is more
successful at treating heart-related diseases like angina and arrhythmias because of its
higher beta-1 blockage [25].

Compared to (S)-propranolol, (R)-propranolol is less effective and has lesser beta-
blocking effects. For beta-2 adrenergic receptors, which are mostly present in the lungs
and blood arteries, it exhibits better affinity and selectivity. For those who are sensitive,
(R)-propranolol is more likely to result in bronchoconstriction (narrowing of the airways),
which may not be ideal for those with respiratory diseases like asthma [26]. In order to
provide a balanced and wider spectrum of therapeutic effects, the racemic mixture (a 1:1
combination of both enantiomers) is frequently utilised in clinical practise.

5 M
Q >~ N Q N
: H /\‘/\H
CH OH

S-Propranalol R-Propranolol

Figure 4: Propranolol Enantiomers

5. Warfarin: Warfarin is an anticoagulant medication used to prevent and treat blood clots.
It belongs to a class of drugs known as vitamin K antagonists (VKAS) [27]. The primary
mechanism of action of warfarin is its interference with the production of certain clotting
factors in the liver, specifically factors 1, VII, IX, and X, which are dependent on vitamin
K for their synthesis [28]. By inhibiting these clotting factors, warfarin helps to prevent
the formation of blood clots within the blood vessels, reducing the risk of conditions such
as deep vein thrombosis (DVT), pulmonary embolism, and stroke [29].Warfarin has two
enantiomers i.e., R-Warfarin and S-warfarin (Figure 5) because of the central chiral
carbon atom present in its 3-(a-acetonylbenzyl)-4-hydroxycoumarin structure. (S)-
Warfarin is the more potent enantiomer and is responsible for the anticoagulant effects of
the drug. It acts as a vitamin K epoxide reductase inhibitor, blocking the recycling of
vitamin K epoxide back to its active form. This prevents the synthesis of clotting factors
I, VII, IX, and X, as well as anticoagulant proteins C and S, leading to a decrease in
blood clotting activity [30].

(R)-Warfarin is much less potent than (S)-Warfarin and has weak anticoagulant
activity. In fact, it can act as a competitive inhibitor for the active binding sites of the
enzymes affected by (S)-Warfarin, potentially reducing the overall anticoagulant effect
when present in the racemic mixture [31].Due to the differing therapeutic activities and
potencies of the enantiomers, the use of warfarin as a racemic mixture allows for the
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appropriate balance of anticoagulant effects while minimizing potential adverse effects.
Individual patient responses to warfarin treatment can vary, and careful monitoring and
dosage adjustments are necessary to achieve the desired therapeutic outcomes.

S-Warfarin R-Warfarin

Figure 5: Warfarin Enantiomers

6. Ketoprofen: A nonsteroidal anti-inflammatory medicine (NSAID) called ketoprofen is
frequently used to treat pain, lessen inflammation, and lower temperature. It is an NSAID
from the class of propionic acid. Ketoprofen functions by preventing the body from
producing prostaglandins, which are substances that cause pain, inflammation, and fever
[32]. It is a racemic mixture, which means that both of its enantiomers are present in
equal amounts: Ketoprofen (S) and ketoprofen (R) (Figure 6). The (S)-enantiomer of
ketoprofen exhibits potent analgesic, anti-inflammatory, and antipyretic (fever-reducing)
effects. It functions by preventing the production of prostaglandins, which cause pain and
inflammation.

Numerous illnesses, including rheumatoid arthritis, osteoarthritis, ankylosing
spondylitis, and musculoskeletal problems, have been shown to respond favourably to
treatment with the (S)-enantiomer [33]. On the other hand, the (R)-enantiomer of
ketoprofen is generally considered to be less active or even inactive compared to the (S)-
enantiomer. It may have some minor effects, but its contribution to the overall therapeutic
activity of ketoprofen is generally considered negligible [34].

R-Ketoprofen S-Ketoprofen

Figure 6: Ketoprofen Enantiomers

7. Vigabatrin: Vigabatrin, also known by its brand name Sabril, is an antiepileptic drug
(AED) primarily used to treat certain types of seizures. It was approved by the U.S. Food
and Drug Administration (FDA) in 2009 for the treatment of complex partial seizures in
adult patients who have not responded adequately to other AEDs. It is also used to treat
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infantile spasms (West syndrome) in children [35]. Vigabatrin works by inhibiting the
enzyme gamma-aminobutyric acid (GABA) transaminase, which is responsible for
breaking down GABA, a neurotransmitter that inhibits brain activity. By increasing
GABA levels in the brain, vigabatrin helps to reduce abnormal electrical activity and
prevent seizures [36]. Vigabatrin is a chiral molecule, meaning it exists in two
enantiomeric forms that are mirror images of each other. These enantiomers are
designated as (S)-vigabatrin and (R)-vigabatrin (Figure 7). The therapeutic activity of
the enantiomers of vigabatrin is not equal. In the case of vigabatrin, only the (S)-
enantiomer possesses antiepileptic activity. The (R)-enantiomer, on the other hand, does
not have the same therapeutic effect and is considered inactive in terms of antiepileptic
activity [37]. As a result, the pharmaceutical preparation of vigabatrin used for
medical purposes is typically a mixture of both enantiomers, with the (S)-enantiomer
being the active component responsible for the antiepileptic effects.

O 0
NH., NH.,
R-Vigabatrin S-Vigabatrin

Figure 7: Vigabatrin Enantiomers

8. Tiaprofenic Acid: Tiaprofenic acid is a non-steroidal anti-inflammatory drug (NSAID)
that is used to relieve pain and reduce inflammation. It belongs to the class of medications
known as propionic acid derivatives [38]. Tiaprofenic acid works by inhibiting the
production of certain chemicals in the body called prostaglandins. Prostaglandins are
responsible for promoting pain, inflammation, and fever. By blocking their production,
tiaprofenic acid helps to alleviate pain and reduce inflammation [39]. This medication is
commonly used to treat conditions such as arthritis, including rheumatoid arthritis and
osteoarthritis, as well as other inflammatory conditions like gout, tendonitis, bursitis, and
menstrual pain. It is a chiral molecule, meaning it exists as two enantiomers, which are
mirror images of each other. The two enantiomers of Tiaprofenic acid are designated as
(S)-Tiaprofenic acid and (R)-Tiaprofenic acid, (Figure 8) based on their spatial
arrangement around the chiral centre.  (S)-Tiaprofenic acid is the active enantiomer
responsible for the therapeutic effects of the drug. It exhibits potent anti-inflammatory,
analgesic (pain-relieving), and antipyretic (fever-reducing) properties. By inhibiting the
enzyme cyclooxygenase (COX), it prevents the production of prostaglandins, which are
mediators of inflammation, pain, and fever. As a result, (S)-Tiaprofenic acid is effective
in treating conditions like arthritis, musculoskeletal pain, and other inflammatory
disorders [40].  (R)-Tiaprofenic acid is considered the inactive enantiomer, meaning it
does not contribute significantly to the therapeutic activity of the drug. While it lacks
substantial COX inhibition, it is still present in the drug formulation. However, it may not
have significant pharmacological effects compared to the (S)-enantiomer [41].
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It's important to note that commercial formulations of Tiaprofenic acid typically
contain a racemic mixture of both enantiomers, as separating them can be challenging and
costly. The therapeutic effects are primarily driven by the (S)-enantiomer, while the (R)-
enantiomer may have minimal or negligible clinical impact.

0
S
W, OH

o
S-Tiaprofenic acid R-Tiaprofenic acid

Figure 8: Tiaprofenic acid

9. Tramadol: A synthetic opioid painkiller called tramadol is used to relieve mild to
moderately severe pain. It is offered under numerous brand names, including Conzip,
Ultram, and others. In order to diminish pain perception and change the body's response
to pain, tramadol binds to opioid receptors in the brain as well as spinal cord. Many
painful illnesses, such as post-operative pain, chronic pain, and pain brought on by
injuries, are treated with tramadol, which is frequently administered [42].

The cyclohexane ring of tramadol, also known as 2-(dimethylaminomethyl)-1-(3-
methoxyphenyl)cyclohexanol, contains two stereogenic centres. As a result, the
compound 2-(dimethylaminomethyl)-1-(3-methoxyphenyl)cyclohexanol can exist in four
different configurational forms: (1R,2R), (1S,2S), (1R,2S), and (1S,2R). The primary
byproducts of the synthesis route are the racemate (1:1 mixture) of (1R,2R)-isomer and
the (1S,2S)-isomer (Figure 9). The (1R,2S)-isomer and the (1S,2R)-isomer's racemic
mixture are also generated in trace amounts. The diastereomeric minor racemate
[(1R,2S)-isomer and (1S,2R)-isomer] is separated into the (1R,2R)-isomer and the
(1S,2S)-isomer by recrystallization of the hydrochlorides. Tramadol is a racemate of the
(1R,2R) -(+)- and (1S,2S) -()-enantiomers' hydrochlorides. The main mechanism of
action of the (+)-tramadol enantiomer is as a mild serotonin-norepinephrine reuptake
inhibitor (SNRI), which prevents the reuptake of these neurotransmitters in the brain. It
also contributes to the analgesic effects by raising levels of serotonin and norepinephrine.
This enantiomer also exhibits weak affinity for the mu-opioid receptor, contributing to its
opioid-like pain-relieving activity. The weak SNRI activity of (+)-tramadol may also
contribute to some additional effects such as mood improvement and potential mild
antidepressant-like effects [43]. The (-)-tramadol enantiomer has minimal affinity for
the mu-opioid receptor and lacks significant opioid-like activity. This means it provides
little to no analgesic effect through opioid receptor activation. However, it retains weak
serotonin-norepinephrine reuptake inhibition (SNRI) activity, contributing to some degree
of pain relief and other effects similar to (+)-tramadol [44].

Copyright © 2024 Authors Page | 188



Futuristic Trends in Chemical, Material Sciences & Nano Technology
e-1SBN: 978-93-5747-436-8

1P Series, Volume 3, Book 12, Part 2, Chapter 6
STEREOISOMERIC DRUGS: UNRAVELLING THE IMPACT OF
MOLECULAR MIRROR IMAGES ON MEDICINAL CHEMISTRY

OH

f’NH _.p-"N"‘n

(1R, 2R)}-Tramadol (15, 25)-Tramadol
Figure 9: Tramadol Enantiomers

10. Flurbiprofen: Flurbiprofen is a nonsteroidal anti-inflammatory drug (NSAID) that is
commonly used for the treatment of pain and inflammation. It belongs to the propionic
acid class of NSAIDs [45]. Flurbiprofen works by inhibiting the production of certain
chemicals in the body called prostaglandins, which are responsible for pain and
inflammation. By reducing the levels of prostaglandins, flurbiprofen helps to alleviate
pain, reduce swelling, and lower fever [46]. This medication is commonly used to relieve
symptoms associated with various conditions, including osteoarthritis, rheumatoid
arthritis, menstrual cramps, dental pain, sports injuries, and other musculoskeletal
disorders. It is a chiral molecule, meaning it exists in two enantiomeric forms, namely
(S)-flurbiprofen and (R)-flurbiprofen (Figure 10).

(S)-flurbiprofen is the active enantiomer and is responsible for most of the
therapeutic effects of the drug, including its anti-inflammatory and analgesic activities. It
inhibits the activity of cyclooxygenase enzymes (COX), particularly COX-1 and COX-2,
which are involved in the production of prostaglandins that mediate pain and
inflammation [47]. (R)-flurbiprofen, on the other hand, has much weaker COX
inhibitory activity compared to the (S)-enantiomer. In fact, (R)-flurbiprofen is often
considered an inactive enantiomer with minimal contribution to the therapeutic effects of
the drug [48].

In summary, (S)-flurbiprofen is the pharmacologically active enantiomer
responsible for the therapeutic effects of flurbiprofen, while (R)-flurbiprofen is
considered relatively inactive in this context. All flurbiprofen formulations are now
marketed as the racemate, despite the fact that the (S)-enantiomer has the majority of the
beneficial anti-inflammatory activity and that both enantiomers may also have analgesic
properties.

S-Flu;bipmﬁan R-Flurbiprofen

Figure 10: Flurbiprofen Enantiomers
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11. Methadone: A synthetic opioid drug called methadone is primarily used to treat opioid

12.

dependence and manage chronic pain [49]. It was first developed in the 1930s and has
since become an essential part of opioid addiction treatment programs. When someone is
addicted to opioids like heroin or prescription medicines, methadone is frequently
administered as a long-term maintenance drug. It aids in reducing cravings and
withdrawal symptoms, helping people to stabilise their lives and make progress towards
recovery. Although methadone has a longer duration of effect than other opioids, it
nevertheless operates on the same opioid receptors in the brain [50]. Due to the chiral
centre of methadone, it possesses two enantiomers: (R)-methadone and (S)-methadone
(Figure 11). Both enantiomers of methadone contribute to its overall therapeutic effects,
but they differ in their potency and pharmacokinetics.

(R)-methadone is considered more potent than the (S)-enantiomer and is primarily
responsible for the analgesic effects of methadone. It has a longer half-life than (S)-
methadone, which means it stays in the body for a longer duration [51].

(S)-methadone is less potent than the (R)-enantiomer and it plays a role in the
overall pharmacological activity of the drug. It has a shorter half-life compared to (R)-
methadone [52]. The clinical use of methadone typically involves a racemic mixture of
both enantiomers, as this combination provides the most balanced therapeutic profile. The
(R)-enantiomer contributes to analgesia and long-lasting effects, while the (S)-enantiomer
helps with maintaining stable blood levels and reducing the risk of side effects.

R-Methadone S-Methadone
Figure 11: Methadone Enantiomers

Cetirizine: Cetirizine belongs to the group of drugs known as piperazines, which are
compounds in which the nitrogen-attached hydrogens are changed to 4-
chlorophenyl)(phenyl)methyl and 2-(carboxymethoxy)ethyl groups, respectively [53].
One of the most popular uses for this medication is for a condition known as allergic
rhinitis. It is an orally active second-generation histamine H1 antagonist proved useful in
the treatment of a variety of allergic symptoms, such as sneezing, coughing, nasal
congestion, hives, and other symptoms [54]. Cetirizine is available as a racemic
mixture, which contains equal amounts of two enantiomers: (R)-cetirizine and (S)-
cetirizine (Figure 12). (R)-Cetirizine also known as levocetirizine is the active
enantiomer of cetirizine and is responsible for its antihistamine effects.

It acts as a selective antagonist of histamine H1 receptors, which are involved in
allergic responses. By blocking these receptors, (R)-cetirizine reduces the effects of
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histamine, a chemical released during allergic reactions, thereby alleviating allergy
symptoms. Compared to cetirizine, levocetirizine has a higher affinity for the histamine
H1 receptor. The FDA approved levocetirizine in 1995 [55].  (S)-Cetirizine IS
considered inactive and does not contribute significantly to the therapeutic effects of
cetirizine. However, it is not entirely without activity and may have some influence on the
drug's overall pharmacokinetics [55].

In summary, the therapeutic activity of cetirizine is mainly attributed to its (R)-
enantiomer, which acts as an antihistamine, providing relief from allergy symptoms. The
(S)-enantiomer is less active but still present in the racemic mixture of cetirizine.
Pharmaceutical formulations of cetirizine often contain only the active (R)-enantiomer to
optimize its therapeutic effects while minimizing any unnecessary effects from the (S)-
enantiomer.

R-Catirizine S-Catirizine

Figure 12: Cetirizine Enantiomers

Morphine: Morphine is an opioid alkaloid derived from the opium poppy plant (Papaver
somniferum). It is a powerful analgesic (pain-relieving) drug and is used medically for
pain management, especially in severe or chronic pain cases [56]. Morphine has a
complex structure with several chiral centers, resulting in multiple stereoisomers.
However, its most important chiral center is the C6 carbon atom, which gives rise to two
enantiomers: (-)-morphine and (+)-morphine (Figure 13). Both  enantiomers  of
morphine exhibit analgesic effects, but they can have different pharmacological
properties. Generally, (-)-morphine is the more potent enantiomer and is responsible for
most of the analgesic activity observed. It has a higher affinity for opioid receptors,
particularly the mu-opioid receptor, which is primarily responsible for the analgesic
effects of opioids [57].  On the other hand, (+)-morphine is less potent and has a lower
affinity for opioid receptors compared to (-)-morphine. However, it can still contribute to
the overall analgesic effect and may be involved in some of the side effects associated
with morphine, such as respiratory depression and sedation [57].

In medical practice, morphine is used as a racemic mixture of both (-)- and (+)-
morphine. The combination allows for a more balanced pharmacological profile,
providing effective pain relief while minimizing certain side effects.
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(-FMorphine (+)-Morphine

Figure 13: Morphine Enantiomers

14. Fluoxetine: The antidepressant drug fluoxetine is an SSRI (selective serotonin reuptake
inhibitor). Various mental health issues can be treated with it; it is frequently prescribed
under the trade name Prozac. Fluoxetine is most frequently used to treat major depressive
disorder (MDD), obsessive-compulsive disorder (OCD), panic disorder, bulimia nervosa,
and premenstrual dysphoric disorder (PMDD) [58]. Furthermore, it may be administered
off-label for additional ailments. A neurotransmitter called serotonin is increased in the
brain as a result of fluoxetine's action. R-fluoxetine and S-fluoxetine (Figure 14), two
enantiomers of the drug fluoxetine, are combined in a racemic combination.

S-fluoxetine is the more active enantiomer responsible for the main therapeutic
effects of fluoxetine. It boosts serotonin levels in the brain by blocking its reabsorption by
nerve cells since it is a powerful and selective serotonin reuptake inhibitor. Increased
serotonin availability is associated with improved mood and is the basis of fluoxetine's
antidepressant action [59].

R-fluoxetine is less potent than the S-isomer in inhibiting serotonin reuptake. It is
believed to have a weaker antidepressant effect compared to the S-enantiomer. However,
R-fluoxetine does contribute to the overall therapeutic activity of the racemic mixture and
may play a role in the drug's pharmacological effects [60].

The combination of R- and S-fluoxetine in the racemic mixture allows for a more
balanced and effective antidepressant treatment compared to the individual enantiomers

alone. While R-fluoxetine contributes to the overall effects, it is the S-enantiomer that
plays the key role in the drug's therapeutic activity.
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S-Flooxetine R-Fluoxetine

Figure 14: Fluoxetine Enantiomers
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15. Formoterol: Formoterol is a long-acting beta-agonist (LABA) drug that is primarily used

16.

to treat asthma as well as chronic obstructive pulmonary disease (COPD) [61]. It
facilitates breathing for those with COPD or asthma by relaxing the smooth muscles of
the airways, which relieves bronchoconstriction. To exert its effects, formoterol binds to
beta-2 adrenergic receptors found in the smooth muscle cells of the airways. This binding
stimulates the receptors, causing the muscles to relax and the airways to widen,
decreasing bronchoconstriction [62]. In the treatment of asthma and COPD, formoterol is
frequently used as a maintenance drug. It is not meant for immediate relief of acute
asthma attacks; instead, it is used to prevent and control symptoms over time. Formoterol
exists as a racemic mixture of two enantiomers: (R, R)-formoterol and (S, S)-formoterol
(Figure 15). Both enantiomers of formoterol, (R, R)-formoterol and (S, S)-formoterol,
contribute to its therapeutic activity. However, (R, R)-formoterol is known to be the
pharmacologically active enantiomer and is responsible for the majority of the
bronchodilator effect [63]. The (S, S)-formoterol, although less active, also exhibits some
bronchodilatory properties.

The (R, R)-formoterol isomer has a higher affinity for the beta-2 adrenergic
receptors in the lungs compared to the (S, S)-formoterol. This higher affinity results in a
more potent and longer-lasting bronchodilatory effect, making it the desired enantiomer
for treating asthma and COPD [64].
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Figure 15: Formoterol Enantiomers

Modafinil: Modafinil is a medication that is primarily used to promote wakefulness in
individuals with certain sleep disorders [65]. It was first approved by the U.S. Food and
Drug Administration (FDA) in 1998 under the brand name "Provigil™ and is classified as
a eugeroic or wakefulness-promoting agent. Some of the common medical conditions
for which modafinil may be prescribed include Narcolepsy, Obstructive Sleep Apnea
(OSA), Shift Work Sleep Disorder (SWSD). Modafinil works by affecting certain
chemicals in the brain that regulate sleep and wakefulness.

It enhances wakefulness and alertness without causing significant stimulation or
euphoria, unlike traditional stimulant drugs [66].1t is a racemic compound, which means
it consists of equal amounts of two enantiomers: R-modafinil (or armodafinil) and S-
modafinil (Figure 16).

Armodafinil is the (R)-enantiomer of modafinil and is marketed as a separate
medication from the racemic mixture. It is believed to have a more potent effect
compared to S-modafinil and is responsible for the majority of the wakefulness-
promoting activity of modafinil. Armodafinil has a longer duration of action, allowing it
to maintain its wakefulness-promoting effects for a longer period compared to S-

Copyright © 2024 Authors Page | 193



17.

Futuristic Trends in Chemical, Material Sciences & Nano Technology
e-1SBN: 978-93-5747-436-8

1P Series, Volume 3, Book 12, Part 2, Chapter 6
STEREOISOMERIC DRUGS: UNRAVELLING THE IMPACT OF
MOLECULAR MIRROR IMAGES ON MEDICINAL CHEMISTRY

modafinil [67]. Armodafinil is used for the same therapeutic indications as modafinil,
such as narcolepsy, obstructive sleep apnea, and shift work sleep disorder [67].

The (S)-enantiomer of modafinil (S-modafinil) is less potent than R-modafinil
(armodafinil) and contributes less to the owverall therapeutic activity of the racemic
modafinil. However, it still contributes to the wakefulness-promoting effects of the drug
to some extent [68].
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S-Madafinil R-Madafinil

Figure 16: Modafinil Enantiomers

Lansoprazole: Lansoprazole is a medication that belongs to a class of drugs known as
proton pump inhibitors (PPIs) [69]. It is commonly used to treat various gastrointestinal
conditions, particularly those related to excess stomach acid production. Lansoprazole
works by blocking the action of proton pumps in the stomach lining, which reduces the
amount of acid produced [70]. Some of the conditions that lansoprazole is used to treat
include Gastroesophageal reflux disease (GERD), Peptic ulcers, Zollinger-Ellison
syndrome, Helicobacter pylori eradication. Lansoprazole is a chiral molecule,
meaning it exists in two enantiomeric forms, known as (S)-lansoprazole and (R)-
lansoprazole also known as dexlansoprazole (Figure 17). Both  enantiomers  of
lansoprazole, (S)-lansoprazole and (R)-lansoprazole, contribute to the overall therapeutic
effects of the drug.

However, the (S)-enantiomer is primarily responsible for the pharmacological
activity, while the (R)-enantiomer is considered to be pharmacologically inactive. (S)-
lansoprazole is a potent inhibitor of the gastric proton pump, H+/K+-ATPase, which is
responsible for acid secretion in the stomach. By inhibiting this pump, (S)-lansoprazole
reduces the production of gastric acid, providing relief from acid-related conditions like
GERD and peptic ulcers [71].

The (R)-enantiomer, on the other hand, does not significantly contribute to the
inhibition of gastric acid secretion and is mainly excreted unchanged in the urine [72].It's
important to note that lansoprazole is usually administered as a racemic mixture of both
enantiomers, as the (R)-enantiomer is considered to be relatively harmless and does not
interfere with the therapeutic effects of the (S)-enantiomer. The (R)-enantiomer does not
exhibit any clinically relevant pharmacological activity and is considered to be
pharmacokinetically inert.

Therefore, both enantiomers are usually present in lansoprazole formulations, but
the (S)-enantiomer is the one responsible for its therapeutic activity.
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Figure 17: Lansoprazole Enantiomers

18. Methylphenidate: Methylphenidate is a central nervous system (CNS) stimulant and a
medication used primarily to treat attention deficit hyperactivity disorder (ADHD) and
narcolepsy [73]. It is sold under various brand names, including Ritalin, Concerta,
Daytrana, and Metadate, among others. Methylphenidate works by increasing the levels
of certain neurotransmitters, primarily dopamine and norepinephrine, in the brain. These
neurotransmitters play a crucial role in regulating attention, focus, and impulse control
[74].

It exists as a racemic mixture of two enantiomers: dextromethylphenidate (D-
MPH) and levomethylphenidate (L-MPH) (Figure 18). Dextromethylphenidate (D-MPH)
is the more potent and therapeutically active enantiomer in methylphenidate. It is
responsible for the desired effects in treating ADHD and narcolepsy. The mechanism of
action involves blocking the reuptake of norepinephrine and dopamine, leading to
increased concentrations of these neurotransmitters in the brain. This increase in
neurotransmitter levels helps improve attention, focus, and impulse control in individuals
with ADHD [75]. Levomethylphenidate (L-MPH) has some stimulant properties, but it is
less potent and contributes minimally to the therapeutic effects of methylphenidate. It
may have milder effects on norepinephrine and dopamine reuptake, but its activity is not
as pronounced as the dextro- enantiomer [76].

Overall, the therapeutic effects of methylphenidate are mainly attributed to
dextromethylphenidate (D-MPH), which is more potent and clinically relevant, while
levomethylphenidate (L-MPH) has limited therapeutic significance in the context of
ADHD and narcolepsy treatment.
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D-threc-methylphenidate L-threa-methylphenidate

Figure 18: Methylphenidate Enantiomers
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19. Amphetamine: Amphetamine is a central nervous system stimulant drug that belongs to

20.

the class of substances known as sympathomimetic amines [77]. It is a powerful
psychoactive substance that can increase alertness, focus, and energy while also
producing feelings of euphoria and heightened confidence. Amphetamines can be
prescribed by doctors for specific medical conditions such as attention deficit
hyperactivity disorder (ADHD) and narcolepsy, where they are used to improve attention,
concentration, and manage excessive daytime sleepiness.

When taken, amphetamines stimulate the release of certain neurotransmitters,
such as dopamine, norepinephrine, and serotonin, in the brain. This action increases brain
activity, resulting in the heightened alertness and euphoria experienced by users [78].
Amphetamine is a chiral compound, meaning it exists in two different enantiomeric
forms: (S)-amphetamine and (R)-amphetamine (Figure 19).

(S)-amphetamine (also known as dextroamphetamine or d-amphetamine) is a
psychostimulant and central nervous system stimulant. It is used clinically to treat
attention deficit hyperactivity disorder (ADHD), narcolepsy, and obesity (though it is
rarely prescribed for the latter). (S)-amphetamine increases the levels of certain
neurotransmitters, such as dopamine and norepinephrine, in the brain, leading to
increased focus, alertness, and energy [79].

(R)-amphetamine (also known as levoamphetamine or |-amphetamine) is less
potent than its (S)-enantiomer and has limited therapeutic use on its own [80]. However,
it is sometimes present in combination formulations with (S)-amphetamine. The
combination of both enantiomers is referred to as "mixed amphetamine salts" and is
commonly used to treat ADHD and narcolepsy. The (R)-enantiomer contributes to the
overall pharmacological effects, but the (S)-enantiomer is primarily responsible for the
therapeutic activity.

MHz

R-Amphetamine S-Amphetamine

Figure 19: Amphetamine Enantiomers

Citalopram: The SSRI (selective serotonin reuptake inhibitor) pharmacological class
includes citalopram as an antidepressant [81]. Increasing serotonin levels in the brain is
the main method through which citalopram works. In order to control mood, emotions,
and behaviour, serotonin, a neurotransmitter, is essential. Citalopram assists in
maintaining higher amounts of serotonin in the brain by preventing its reuptake, which
elevates mood and lessens depressive symptoms [82].

In order to treat depression, citalopram is typically utilised. It may also be given as
a prescription for other diseases such panic disorder, social anxiety disorder (often known
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as a social phobia), generalised anxiety disorder, and obsessive-compulsive disorder
(OCD).

Citalopram is a chiral molecule, which means it has two stereoisomers or
enantiomers that are mirror images of one another. The names of these enantiomers are
(S)- and (R)-citalopram (Figure 20). The therapeutic activity of citalopram is
primarily associated with the (S)-enantiomer, also known as escitalopram. Escitalopram is
the active form that exerts the desired antidepressant effects [83]. As a result, the (S)-
enantiomer is typically the one used in pharmaceutical preparations of citalopram.

The (R)-enantiomer, also known as R-citalopram, is considered inactive and does
not contribute significantly to the therapeutic effects of the medication. In fact, it is
believed that the (R)-enantiomer may even have a detrimental effect on the overall
pharmacological profile of citalopram, potentially leading to certain side effects [84].

Due to the superior therapeutic activity and fewer side effects of (S)-citalopram
(escitalopram), it is often marketed as a separate medication from citalopram, under the
brand name Lexapro or Cipralex. Escitalopram is approved for the treatment of major
depressive disorder and generalized anxiety disorder, among other conditions.

R-Citalopram S-Citakopram

Figure 20: Citalopram Enantiomers

Omeprazole: The medicine omeprazole is a member of the proton pump inhibitors (PPIs)
pharmacological class [85]. It is frequently used to treat ailments linked to overactive
stomach acid production. The way omeprazole works is by lessening the amount of acid
the stomach produces, which can aid in symptom relief and facilitate healing in a number
of gastrointestinal diseases [86]. Omeprazole is frequently prescribed for conditions like
Zollinger-Ellison syndrome, erosive esophagitis, peptic ulcers, and gastroesophageal
reflux disease (GERD). There are four potential stereoisomers of omeprazole due to its
two chiral centres. The marketed medicine, however, only contains two of the
enantiomers because they are synthesised during the manufacturing process. Omeprazole
comes in two enantiomers, S-Omeprazole and R-Omeprazole (Figure 21). Omeprazole is
delivered as a racemic combination, which means that both enantiomers are present in
equal amounts.

Esomeprazole is another name for the S-enantiomer. The medicinal benefits of
omeprazole are brought on by its active enantiomer. It works by permanently blocking the
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proton pump enzyme, or H+/K+-ATPase, in the parietal cells of the stomach. For the
gastric mucosa to secrete acid, this enzyme is necessary. Esomeprazole decreases
stomach acid production by blocking this enzyme, offering relief from illnesses caused by
excess stomach acid [87]. It is frequently believed that the R-enantiomer is inert or has
lower pharmacological activity than esomeprazole. It does not significantly impact
omeprazole's therapeutic benefits. However, during metabolism, R-omeprazole is
partially responsible for the overall effectiveness of omeprazole since it is partially
converted to S-omeprazole in the liver [88].
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S-Omeprazole R-Omeprazole

Figure 21: Omeprazole Enantiomers

22. Zopiclone: Zopiclone is a sedative-hypnotic medication that is used to treat insomnia. It
belongs to a class of drugs known as cyclopyrrolones and is often prescribed to help
individuals with difficulty falling asleep or staying asleep [89]. As a sedative, zopiclone
works by enhancing the effects of gamma-aminobutyric acid (GABA), a neurotransmitter
in the brain that has inhibitory effects. GABA helps reduce the activity of nerve cells,
which in turn produces a calming effect, promoting sleep and reducing anxiety [90]. It is
a racemic mixture, which means it contains equal amounts of two enantiomers: (S)-
Zopiclone and (R)-Zopiclone (Figure 22).

(S)-Zopiclone also known as eszopiclone is considered the active form of the
drug. It binds to specific receptors in the brain called GABA-A receptors, which are
involved in the regulation of sleep and anxiety. By binding to these receptors, (S)-
Zopiclone enhances the effects of gamma-aminobutyric acid (GABA), a neurotransmitter
that inhibits brain activity, leading to sedative and sleep-inducing effects [91]. While (R)-
Zopiclone does bind to GABA-A receptors, it does not exhibit the same level of
therapeutic activity as the (S)-enantiomer. In fact, (R)-Zopiclone may even antagonize
some of the effects of (S)-Zopiclone, reducing its overall potency [92].

Due to these differences in pharmacological activity, (S)-Zopiclone is primarily
responsible for the therapeutic effects of Zopiclone in promoting sleep, while (R)-
Zopiclone's contribution is considered negligible. Therefore, pharmaceutical formulations
of Zopiclone often contain only the (S)-enantiomer to maximize the drug's efficacy while
minimizing potential side effects associated with the (R)-enantiomer.
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S-Zopickone R-Zopiclone
Figure 22: Zopiclone Enantiomers

23. Albuterol: The drug albuterol, usually referred to as salbutamol, is frequently prescribed
to treat asthma as well as other respiratory ailments. It is a member of the group of
medications known as bronchodilators or beta-2 adrenergic agonists [93]. Albuterol helps
people with respiratory problems breathe more easily by relaxing and widening the
airways in the lungs. The smooth muscles of the airways include beta-2 adrenergic
receptors, which albuterol binds to. As a result of this binding, the bronchial passageways
enlarge and the resistance of the airways decreases [94]. Asthma, chronic obstructive
pulmonary disease (COPD), and other reversible obstructive airway illnesses are among
the conditions for which albuterol is typically recommended for the treatment and
prevention of bronchospasm.Albuterol is commonly administered as a racemic mixture of
two enantiomers: (R)-albuterol (levalbuterol) and (S)-albuterol (Figure 23).

The therapeutic effects of albuterol are primarily attributed to its (R)-enantiomer,
levalbuterol. Studies have shown that (R)-albuterol exhibits greater selectivity for the 2-
adrenergic receptors, which are found in the smooth muscles of the airways. By
selectively binding to these receptors, (R)-albuterol stimulates bronchial smooth muscle
relaxation, leading to bronchodilation. This property makes it effective in relieving
bronchospasm and improving airflow in conditions like asthma and COPD [95].

On the other hand, the (S)-enantiomer of albuterol, while still having some
bronchodilatory activity, has been associated with increased cardiovascular side effects,
such as tachycardia and palpitations, compared to the (R)-enantiomer. Due to these
potential adverse effects, (S)-albuterol is considered less desirable for therapeutic use
[96].

As a result, pharmaceutical formulations of albuterol often contain the (R)-

enantiomer (levalbuterol) as the active ingredient, while minimizing the presence of the
(S)-enantiomer to reduce side effects and optimize therapeutic efficacy.
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R-Albuterol S-Albuterol
Figure 23: Albuterol Enantiomers

24. Betaxolol: Betaxolol is a medication that belongs to a class of drugs known as beta-
blockers [97]. It is primarily used to treat various cardiovascular conditions, particularly
hypertension (high blood pressure) and certain heart rhythm disorders like atrial
fibrillation and atrial flutter. It acts as a selective beta-1 adrenergic receptor blocker,
meaning it primarily targets the beta-1 receptors in the heart. By blocking these receptors,
it reduces the influence of the sympathetic nervous system on the heart, resulting in a
slower heart rate and reduced contractility, which helps to lower blood pressure and
manage certain heart rhythm disorders [98].

Betaxolol has one chiral carbon resulting in two stereoisomers i.e., (R)-betaxolol
and (S)-betaxolol (Figure 24).  (R)-betaxolol also known as levobetaxolol is a selective
beta-1 adrenergic receptor blocker. It primarily acts on beta-1 receptors found in the heart
and helps to reduce the heart rate and myocardial contractility. By blocking these
receptors, it decreases the force and rate of heart contractions, reducing the workload on
the heart. This effect is beneficial in treating hypertension and various cardiovascular
conditions [99].  (S)-betaxolol is also a beta-blocker, but it exhibits more non-selective
activity, affecting both beta-1 and beta-2 adrenergic receptors. Beta-2 receptors are found
in the bronchioles of the lungs and in blood vessels, among other places. Blocking these
receptors can lead to bronchoconstriction and peripheral vasoconstriction, which may be
less desirable for patients with certain respiratory conditions [100].

As a racemic mixture, betaxolol contains equal amounts of both enantiomers. The
(R)-enantiomer's selective beta-1 blocking activity makes it the more desirable
component for treating hypertension and certain cardiovascular conditions because it
primarily targets the heart, minimizing unwanted side effects related to beta-2 receptor
blockade.
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R-Bataxolol S-Betaxolol

Figure 24: Betaxolol Enantiomers
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25. Bupivacaine: Bupivacaine is a local anesthetic medication used to numb specific areas of

26.

the body during medical procedures or surgeries. It belongs to the amide class of local
anaesthetics and is commonly used to provide regional anesthesia, such as nerve blocks,
epidural anesthesia, and spinal anesthesia [101]. The primary mode of action of
bupivacaine is to block the transmission of nerve impulses by inhibiting the influx of
sodium ions through nerve cell membranes.

This action prevents the nerves from transmitting pain signals to the brain, leading
to temporary loss of sensation in the area where the medication is administered [102].
Bupivacaine exists as a racemic mixture of two enantiomers: R-bupivacaine
(levobupivacaine) and S-bupivacaine (dextrobupivacaine) (Figure 25). Levobupivacaine
(S-enantiomer) is the more active and pharmacologically important enantiomer of
bupivacaine.

Levobupivacaine provides potent and long-lasting local anesthesia, making it the
preferred choice for various medical procedures. It has a similar profile of action to
racemic bupivacaine but with potentially fewer cardiovascular side effects.
Levobupivacaine's therapeutic activity is responsible for the analgesic effect and
temporary loss of sensation in the targeted area [103].

Dextrobupivacaine (R-enantiomer) is less active as a local anesthetic compared to
levobupivacaine. It has a lower potency and a shorter duration of action. Due to its
reduced activity, it is not commonly used in clinical practice for regional anesthesia
[104].
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Figure 25: Bupivacaine Enantiomers

Ofloxacin: Ofloxacin is an antibiotic drug used to treat different bacterial infections. It is
an antibiotic that belongs to the fluoroquinolone class and is efficient against a variety of
bacteria [105]. By interfering with the process of bacterial DNA replication, ofloxacin
prevents bacterial development and finally kills the bacterium. diseases in the respiratory
tract, urinary tract, skin and soft tissues, sexually transmitted diseases, and
gastrointestinal infections are among the conditions for which this drug is frequently
recommended [106].

It exists as a racemic mixture of two enantiomers: (S)-Ofloxacin and (R)-
Ofloxacin (Figure 26).Both enantiomers of ofloxacin contribute to the antibiotic activity
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of the drug, but their potency and pharmacokinetic properties may vary. The (S)-
ofloxacin enantiomer is generally considered to be more active against bacterial targets
and is responsible for most of the antibacterial efficacy of the drug. It exhibits stronger
binding to the bacterial enzymes responsible for inhibiting DNA gyrase and
topoisomerase IV, which are essential for bacterial DNA replication and repair. This
increased binding affinity leads to better bactericidal activity against a broader spectrum
of bacteria [107].

On the other hand, the (R)-ofloxacin enantiomer has weaker antibacterial activity
compared to (S)-ofloxacin. However, it still contributes to the overall efficacy of the drug,
and its presence might help reduce the development of bacterial resistance and provide a
broader spectrum of coverage [108].

| I
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F F

a O o O
(SOfloxacin (R}-Ofloxacin

Figure 26: Ofloxacin Enantiomers

Atenolol: Atenolol is a medication that belongs to the class of drugs known as beta-
blockers [109]. It is primarily used to treat certain cardiovascular conditions, particularly
hypertension (high blood pressure) and angina (chest pain). Atenolol works by blocking
the action of certain chemicals in the body, such as adrenaline, that can increase heart rate
and blood pressure [110].

Atenolol is a chiral compound, which means it exists as two enantiomers (R)-
atenolol and (S)-atenolol (Figure 27).  (R)-atenolol is responsible for the desired beta-
blockade activity, which helps to lower blood pressure and reduce the strain on the heart.
It selectively blocks beta-1 adrenergic receptors in the heart, leading to decreased heart
rate and force of contraction.

This results in reduced cardiac output and blood pressure, making it an effective
treatment for hypertension and other cardiovascular conditions [111]. (S)-atenolol also
has beta-blocking activity, but it is less potent compared to (R)-atenolol. In fact, (S)-
atenolol may even exhibit some partial agonist activity, which means it could have
stimulatory effects on beta-adrenergic receptors in certain situations. Due to its weaker
beta-blocking activity, (S)-atenolol is considered less therapeutically relevant than the
(R)-enantiomer [112].

The pharmaceutical formulation of atenolol typically contains a racemic mixture
of both enantiomers, meaning it contains equal amounts of (R)-atenolol and (S)-atenolol.
This is because the separation and synthesis of single enantiomers can be more complex
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and expensive, and the therapeutic benefits of (R)-atenolol are considered to outweigh
any potential drawbacks from the (S)-enantiomer.

H QH H QH
T, YO
NH; NH

F-Atenalol S-Atenokl

F)

Figure 27: Atenolol Enantiomers

28. Ifosfamide: Ifosfamide is a medication used in cancer chemotherapy to treat various
types of cancer. It belongs to a class of drugs known as alkylating agents [113].
Ifosfamide is particularly effective against certain types of cancers, such as testicular
cancer, ovarian cancer, bladder cancer, and some types of soft tissue sarcomas.
Ifosfamide works by damaging the DNA within cancer cells, interfering with their ability
to grow and divide. It does this through a process called alkylation, where it attaches alkyl
groups to the DNA molecules, leading to breaks in the DNA strands and preventing the
cancer cells from replicating [114].

Ifosfamide has a chiral center, meaning it has two possible enantiomers: (R)-
ifosfamide and (S)-ifosfamide (Figure 28). (R)-Ifosfamide is the more active form and is
responsible for most of the drug's therapeutic effects. It is metabolized in the liver to form
the active alkylating agent called 4-hydroxyifosfamide. This metabolite is responsible for
the antitumor activity of the drug by crosslinking DNA and inhibiting cell division in
cancer cells [115]. (S)-Ifosfamide is less pharmacologically active compared to its
counterpart.

It is also metabolized in the liver, but the resulting metabolites are less effective
as alkylating agents, leading to reduced antitumor activity [115].

The racemic mixture (a 1:1 mixture of both enantiomers) of ifosfamide is
commonly used in clinical practice, where the (R)-enantiomer contributes to the
therapeutic activity, while the (S)-enantiomer may have some limited effects.

o H O
DHI':},.J"L______.-’-H.CI ':::'-.I!;.:J.N-.___.,.r'--.m

' N
R-Ifosfamide S-Ifosfamide

Figure 28: Ifosfamide Enantiomers
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Bupropion: Bupropion, commonly known by its brand name Wellbutrin, is a medication
primarily used as an antidepressant and smoking cessation aid. It belongs to the class of
drugs known as atypical antidepressants or norepinephrine-dopamine reuptake inhibitors
(NDRIS).

Bupropion works by affecting the levels of certain neurotransmitters in the brain,
namely norepinephrine and dopamine. Bupropion works by inhibiting the reuptake of
norepinephrine and dopamine, which leads to increased levels of these neurotransmitters
in the brain. This, in turn, helps to regulate mood and reduce symptoms of depression
[116].

Bupropion exists as a racemic mixture of two enantiomers, (R)-Bupropion and
(S)-Bupropion (Figure 29). (R)-Bupropion primarily acts as a norepinephrine-
dopamine reuptake inhibitor (NDRI). It inhibits the reuptake of norepinephrine and
dopamine, leading to increased levels of these neurotransmitters in the brain. This is
thought to be the main mechanism of its antidepressant and anti-addiction effects [117].

(S)-Bupropion also acts as a norepinephrine-dopamine reuptake inhibitor
(NDRI), similar to its counterpart (R)-bupropion. However, (S)-bupropion is less potent
in inhibiting the reuptake of these neurotransmitters compared to (R)-bupropion. It is
believed that (S)-bupropion might contribute to the overall pharmacological profile of
bupropion [117].

O
Cl

R-Bupropion S-Bupropion
Figure 29: Bupropion Enantiomers

Metoprolol: Metoprolol is a medication that belongs to the class of drugs known as beta-
blockers. It is commonly prescribed to treat various cardiovascular conditions. Metoprolol
works by blocking the action of adrenaline and similar stress hormones on the heart and
blood vessels. By doing so, it decreases the heart rate and reduces the force with which
the heart pumps blood, ultimately leading to a reduction in blood pressure and less strain
on the heart [118]. It is available as a racemic mixture, containing two enantiomers: R-
metoprolol and S-metoprolol (Figure 30).

R-metoprolol is responsible for the beta-blocking activity of metoprolol. It
mainly acts as a selective beta-1 adrenergic receptor antagonist, meaning it primarily
blocks the beta-1 receptors found in the heart. By blocking these receptors, R-metoprolol
reduces the effects of adrenaline and noradrenaline on the heart, leading to decreased
heart rate and contractility.
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It is particularly effective in treating conditions such as hypertension and angina
by reducing the workload on the heart and improving its oxygen supply-demand balance
[119].

S-metoprolol also possesses beta-blocking activity, but it is less potent than R-
metoprolol. However, it is noteworthy that S-metoprolol exhibits partial agonist activity
on beta-1 adrenergic receptors, which means that it can produce some stimulatory effects
on these receptors while also blocking them. This partial agonist activity may limit the
overall therapeutic benefits of the racemic mixture of metoprolol, as it may reduce the net
beta-blocking effect [120].

SN G 6 WENY

R-Metoprolol S-Metoprolol
Figure 30: Metoprolol Enantiomers
31. Other Stereoisomeric Drugs: There are a huge number of stereoisomeric drugs available
in the market and we have discussed 30 of them and few other drugs are shown in table
no 1.

Table 1: Few other Stereoisomeric Drugs

gl Relative
NO‘ Drug Biological Activity Activity of Reference
' Enantiomers

01. Naproxen NSAID S>R [121]

02. Pantoprazole | Proton pump inhibitors (PPIs) | R>S [122]

03. Fexofenadine | Antihistaminic R>S [123]

- Nucleoside reverse

04. Lamivudine transcriptase inhibitor (NRTI) 5>R [124]

05. Donepezil Alzheimer's disease R>S [125]

06. M_ethampheta Cfantral nervous system D> L [126]

mine stimulant

07. Ketamine Anesthetic S>R [127]

08. Ropivacaine Local anesthetic S>R [128]
(S, S) - beta-
blocking
activity.

09. Labetalol Beta blocker (R, R) - alpha- [129]
blocking
activity
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(S) - beta-
blocking
. activity
10. Carvedilol Beta blocker (R) - alpha-1 [130]
blocking
activity
11. Terbutaline Bronchodilator R>S [131]
12. Fluticasone Respiratory diseases S>R [132]
13. Ropinirole Alzheimer's disease S>R [133]
14, Promethazine | Antihistamine and antiemetic |S>R [134]
15. Methotrexate | Anti-cancer S>R [135]

VII.CONCLUSION

In conclusion, research on stereoisomeric medications illuminates the intriguing world

of chemical structures and their influence on how drugs interact with the human body. The
therapeutic efficacy and safety of these medications, which have identical chemical formulas
but different spatial configurations, can demonstrate a remarkable diversity of outcomes. To
improve medical treatments and guarantee patient wellbeing, it is essential to comprehend the
role stereochemistry plays in drug development and administration. As this field of study
develops, we can anticipate more precise and potent medications that take use of
stereoisomerism’s ability to enhance healthcare results.
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