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Abstract

The β1 receptor is one of the three beta receptors present in the human body, namely β1, β2, and β3. The 
β1 receptor is predominantly located in the heart, where it plays a crucial role in regulating the heart rate and 
the force of contraction, thereby increasing the cardiac output and the efϐiciency of blood pumping throughout 
the body. This receptor is targeted by a variety of pharmaceutical agents known as beta-blockers, which are 
commonly used in the treatment of cardiovascular conditions such as hypertension, angina, and arrhythmias.
The β1 receptor exhibits stereoselectivity, meaning that different enantiomers (chiral molecules) of beta 
blockers can have varying levels of effectiveness and side effects. This study focuses on the stereoselectivity 
of the β1 receptor and the clinical implications of this property. It includes an examination of various 
β1 blockers, such as propranolol (a non-selective beta  blocker), and selective β1 blockers like atenolol, 
bisoprolol, nebivolol, metoprolol, esmolol, acebutolol, and betaxolol. Each of these drugs has a unique 
chemical structure, with speciϐic functional groups that contribute to their selective action on the β1 
receptor.

Furthermore, the β2 receptor, which is mainly present in the bronchi and bronchioles, is responsible 
for bronchodilation, and the β3 receptor, found in the bladder, helps reduce urinary urgency. Understanding 
the distinct locations and functions of these receptors allows for the development of targeted therapies 
with minimal off-target effects.

This review highlights the importance of stereoselectivity in the development and use of β1 blockers, 
discussing their chemical structures, pharmacological activities, and therapeutic uses. It also explores the 
potential for future research and development of more selective and effective β1 receptor agonists and 
antagonists, which could offer improved therapeutic outcomes for patients with cardiovascular diseases.

This study underscores the signiϐicant role of the β1 receptor in cardiovascular health and provides 
insights into the ongoing advancements in beta-blocker therapy. By delving into the stereoselectivity and 
speciϐic actions of these drugs, the research aims to enhance the understanding and optimization of β1 
receptor-targeted treatments in clinical practice.
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Introduction
Beta receptors are a class of adrenergic receptors 

that are sensitive to the catecholamines epinephrine and 
norepinephrine. These receptors are divided into three 
subtypes: β1, β2, and β3. The β1 receptors are primarily located 
in the heart and kidneys, where they play a crucial role in  
regulating cardiac function and renin release. The β1 receptor 
exhibits stereoselectivity, meaning that different enantiomers 
of beta blockers can have varying levels of effectiveness and side 
effects. This principle is also seen in the activity of histaminic 
receptors, where stereoselectivity plays a crucial role in their 
anti-histaminic activity [1]. Activation of β1 receptors leads to 
an increase in heart rate, myocardial contractility, and cardiac 
output [2]. Furthermore, the stereoselectivity of certain drugs 
is crucial, as isomers can have varying levels of effectiveness 
and toxicity [3], additionally, recent studies have explored 
various synthetic compounds targeting these receptors for 
their potential therapeutic applications. For instance, the 
synthesis and biological evaluation of certain oxindole–indole 
conjugates have shown promising results as anticancer CDK 
inhibitors [2]. β2 receptors are found mainly in the lungs, 
gastrointestinal tract, liver, uterus, vascular smooth muscle, 
and skeletal muscle, where they mediate smooth muscle 
relaxation, resulting in bronchodilation and vasodilation. The 
β3 receptors are located in adipose tissue and the bladder, 
and their activation contributes to lipolysis and the relaxation 
of the detrusor muscle, respectively [4].

Inhibition of carbonic anhydrase isoforms I, II, IV, VII, 
and XII with carboxylates and sulfonamides incorporating 
phthalimide/phthalic anhydride scaffolds has been explored 
to understand the pharmacological interactions better [5].

In the context of developing novel therapeutic agents, 
research on various compounds has been extensive. For 
example, the design and synthesis of novel 2-(3-methyl-
2-oxoquinoxalin-1(2H)-yl)-N-(4-(substituted)phenyl) 
acetamide derivatives have shown potential as anticonvulsant 
agents. This study aims to further understand the role of β1 
receptors and their stereoselectivity in cardiovascular health 
and the development of selective β1 blockers [6].

Recent studies have explored various quinazolinone 
derivatives due to their signiϐicant pharmacological 
activities. For instance, new immunomodulatory anticancer 
quinazolinone-based thalidomide analogs have shown 
promising results in design, synthesis, and biological 
evaluation [7]. Furthermore, trimethoxyanilides based 
on 4(3H)-quinazolinone scaffolds have shown promising 
antitumor properties, highlighting the therapeutic potential of 
quinazolinone-based compounds in medicinal chemistry [8]. 
Similarly, the development of new pyrimidine-5-carbonitrile 

derivatives as EGFR inhibitors has demonstrated signiϐicant 
anticancer and apoptotic activities, further showcasing the 
potential of these compounds in cancer therapy [9].

The design and synthesis of new therapeutic agents, 
targeting speciϐic receptors have shown promising results. 
Recent advances in drugs targeting protein kinases for cancer 
therapy highlight the ongoing efforts to improve treatment 
efϐicacy [10], furthermore agents, such as quinazolin-4(3H)-
ones, targeting speciϐic receptors like VEGFR-2, have shown 
promising anti-proliferative activities, which are crucial for 
developing targeted therapies [11]. Additionally, the synthesis 
and antiproliferative activity of 1-(4-(1H-Indol-3-Yl)-6-(4-
Methoxyphenyl) Pyrimidin-2-yl) Hydrazine and its pyrazole 
pyrimidine derivatives have demonstrated signiϐicant 
potential in cancer treatment [12]. The development of 
quinazoline-based anticancer agents targeting VEGFR-2 has 
shown promising anti-proliferative activities, contributing 
to advancements in targeted cancer therapy [13]. Moreover, 
studies on the design, synthesis, in-vivo anti-diabetic activity, 
in-vitro α-glucosidase inhibitory activity, and molecular 
docking of some quinazolinone derivatives have also shown 
promising results in the treatment of diabetes [14]. The design 
and synthesis of analgesics and anticancer agents from new 
benzimidazole derivatives have also been explored for their 
potential therapeutic beneϐits [15]. Furthermore, the synthesis 
and biological evaluation of novel iodophthalazinedione 
derivatives has shown promising anticonvulsant activity 
[16]. Additionally, the synthesis and biological evaluation 
of 1-benzyl-5-bromo-3-hydrazonoindolin-2-ones as novel 
anti-cancer agents have demonstrated signiϐicant potential 
in cancer therapy [17]. Similarly, the design and synthesis 
of some new oxadiazole derivatives have shown potential 
as anticancer agents, providing further insights into the 
development of novel anticancer therapies [18]. Furthermore, 
the design and synthesis of new compounds derived from 
phenylhydrazine and different aldehydes have shown 
promising anticancer activities, adding valuable knowledge 
to the ϐield of cancer drug development [19]. Moreover, the 
design, synthesis, computer modeling, and analgesic activity 
of some new disubstituted quinazoline-4 (3H)-ones have 
demonstrated signiϐicant potential as analgesic agents [20]. 
Additionally, the synthesis and anticonvulsant activity of 
6-iodo phthalazinedione derivatives have shown promising 
results, highlighting their potential in the treatment of 
neurological disorders [21].

In this review of the presence of β1 receptor exclusively 
mainly in the heart and eye (mostly in their heart and to an 
extent in the eye), we note all Beta blockers have chiral carbon 
and alkyl group with more than one carbon on the amino 
group, the β1 blockers have phenoxy group which substituted 
at its para-position [22].

Recent research has focused on the development of new 
pharmacological agents that can target these receptors with 
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high speciϐicity and efϐicacy. For instance, the design and 
synthesis of new benzylidene-quinazolinone hybrids as 
potential anti-diabetic agents have shown promising results 
in vitro, demonstrating signiϐicant α-glucosidase inhibition 
and effective docking studies [23].

Additionally, the design and synthesis of new quinazolinone 
derivatives containing sulfonylurea have shown signiϐicant 
antihyperglycemic activity, providing new avenues for 
diabetes treatment [44].

Further research has identiϐied novel compounds, 
including triazole-quinoxaline-based molecules, which have 
shown potential immunomodulatory and anticancer activities 
in their design, synthesis, and biological evaluation [25].

All the mentioned properties of β1blockers lead to the 
stereospeciϐic of these compounds and the stereoselectivity of 
the β1 receptor.

The adrinomimetic drugs are act on the adrenomimetic 
receptors which are α-types and β-types, the ϐirst 
adrenomimetics are noradrenaline and adrenaline natural 
substances of the body, which synthesized from tyrosine 
amino acids to form noradrenaline which alkylated the amino 
group to adrenaline. The noradrenaline and adrenaline know 
us which of them act on beta receptors more than the others.

Adrenaline is characterized by a methyl group on the amino 
group (which makes adrenaline act on α and β receptors), 
while noradrenaline acts mainly on α receptors. Hence, when 
the group of alkyl in the amino group is called the beta directly 
group.

So the β receptors required compounds have alkyl. g.p. on 
the amino group of noradrenaline [26].

Chemistry and pharmacological activity

Furthermore, studies on similar molecular structures have 
shown promising results in the development of potential 
therapeutic agents. The activity of antibiotics and their 
effectiveness can heavily depend on their stereochemistry 
[27]. For instance, the design, synthesis, molecular modeling, 
and biological evaluation of novel 2, 3-dihydrophthalazine-1, 
and 4-dione derivatives have demonstrated signiϐicant 
anticonvulsant activity, providing insights into the potential for 
similar approaches in β1 receptor-targeted drug development 
[28].

The development of these β1 blockers has signiϐicantly 
contributed to the management of various cardiovascular 
conditions. Their distinct chemical structures and 
hydrophobicity, along with transport and target sites of 
action, are crucial for their activity and effectiveness [29] 
and stereoselectivity enables them to selectively target the 
β1 receptor, leading to improved therapeutic outcomes. 
Further research has identiϐied novel compounds, including 
triazolophthalazine derivatives, which function as DNA 

intercalators and topoisomerase II inhibitors, thereby 
expanding their potential therapeutic applications beyond 
cardiovascular diseases [30]. Additionally, the discovery and 
antiproliferative evaluation of new quinoxalines as potential 
DNA intercalators and topoisomerase II inhibitors have 
shown promise in enhancing the efϐicacy and safety of these 
treatments [31]. The mechanism of action for many drugs 
depends on their ability to inhibit speciϐic enzymes, which 
is a critical factor in their pharmacological activity [32]. The 
conϐiguration of hormonal compounds plays a signiϐicant role 
in their pharmacological action, inϐluencing their activity as 
agonists, antagonists, and their overall efϐicacy [13]. 

The β1 receptor exhibits stereoselectivity meaning that 
different enantiomers (chiral molecules) of beta blockers can 
have varying levels of effectiveness and side effects [33]. This 
principle is also seen in the activity of histaminic receptors, 
where stereoselectivity plays a crucial role in their anti-
histaminic activity [34].

Further research and development in this ϐield may 
uncover additional β1 receptor agonists with enhanced 
efϐicacy and fewer side effects providing even more options 
for patients with cardiovascular disorders. Studies have 
shown signiϐicant advancements in molecular docking and 
anticancer evaluations of novel compounds, demonstrating 
promising therapeutic potentials [35].

In recent studies, novel compounds such as triazolo [3,4-a] 
phthalazine derivatives targeting the VEGFR-2 enzyme have 
shown promising in vitro anti-cancer activity and favorable 
ADMET proϐiles [36].

The lipid solubility of drugs plays an important role in 
their pharmacological action and duration of action, affecting 
their overall efϐicacy and bioavailability [37].

Propranolol

Propranolol is a non-speciϐic beta-blocker (contraindicated 
in bronchial asthma – asthmatic patients), propranolol is 
used in the treatment of hypertension, irregular heartbeat, 
thyrotoxicosis, essential tremors, performance anxiety, 
capillary heme angioma, migraine headache, angina, heart 
attacks. The drug used intravenous injection and orally which 
is short-acting or long-acting. Propranolol is a naphthyloxy 
derivative and has an isopropyl group on the amino group they 
share in the non-speciϐicity of the drug. Lastly, propranolol is 
(a prototype of β- blocker – lead compound). Propranolol is 
a naphthyloxy derivative and has an isopropyl group on the 
amino group, contributing to its non-speciϐicity (Figure 1). 

Figure 1: Propranolol.
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The presence of a chiral carbon in propranolol is crucial for 
its activity [38]. Additionally, propranolol has a chiral carbon 
in its structure [39].

The very essential note is the chiral carbon which present 
in the propranolol [40].

Increasing the binding afϐinity of VEGFR-2 inhibitors 
by extending their hydrophobic interaction with the 
active site: Design, synthesis, and biological evaluation of 
1-(4-((1H-pyrazolo[3,4-d]pyrimidin-4-yl)oxy)phenyl)-3-
(4-(triϐluoromethyl)phenyl)urea derivatives as VEGFR-2 
inhibitors was achieved by optimizing the hydrophobic 
interactions within the active site of VEGFR-2, resulting 
in compounds with improved binding afϐinity and potent 
biological activity  [41].

Atenolol

Atenolol is a β1-blocker used in the treatment of 
hypertension, which is raised from the dysfunction of the 
heart, so used in high blood pressure and heart-associated 
chest pain. Atenolol has phenoxy group chiral carbon and 
isopropyl on the amino group, which are characterized sharing 
of beta blockers, we note the only difference naphthyloxy is 
substituted by phenoxy (Figure 2).

Bisoprolol

Bisoprolol is a β1 blocker that is used in heart diseases 
(hypertension) and tachyarrhythmia. The chemical structure of 
atenolol (β1 blocker) has a phenoxy group and isopropyl group 
on the amino group attached to chiral carbon (Figure 3) [42].

Nebivolol

Nebivolol is a Beta1 blocker used in heart failure 
(hypertension), acts on beta receptors that are present in 
cardiac muscle, it is used orally only or in combination with 
another drug (Hydrochlorothiazide).

The nebivolol has two chiral carbons, and two phenoxy 
groups (which formed lactone) and the amino group becomes 
disubstituted (Figure 4) [43].

Metoprolol

Metoprolol is a drug that acts as a β1 blocker which is used 
in the management of high blood pressure accompanied by 
chest pain and fast heart rate in case of poor blood ϐlow to the 
heart, it is used to prevent myocardial infarction and headaches 
(migraine). Metoprolol is a phenoxy derivative compound that 
has isopropyl on the amino group (monosubstituted amine) 
(Figure 5).

It is used in intravenous or oral administration.

Esmolol

β 1 blocker drug is a cardioselective drug characterized by 
rapid action and its action is very short duration, it differs 
from the previous compounds because it has no signiϐicant 
intrinsic sympathomimetic and membrane stabilizing activity, 
the esmolol has a phenoxy group, chiral carbon, and isopropyl 
group which they characterized beta-blocker activity (speciϐic 
β 1) (Figure 6).

Acebutolol

Acebutolol is a chemical structure that has β 1 blocker 
properties used in the treatment of hypertension and 
arrhythmias, it is a cardio-selective and has intrinsic 
sympathetic activity, as well as, it is used commonly in the 
treatment of angina. As with previous compounds, acebutolol 
has a phenoxy group, alkyl isopropyl group, and chiral center 
(Figure 7) [44].

Figure 2: Atenolol.

Figure 3: Bisoprolol.

Figure 5: Metoprolol.

Figure 6: Esmolol.

 

Figure 4: Nebivolol.
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Synthesis, molecular modeling, and anticonvulsant 
activity of benzoxazole derivatives provide insights into 
the development of novel agents for treating neurological 
disorders [45].

Betaxolol

It is a selective β 1 receptor blocker used in the treatment 
of glaucoma and hypertension and has no partial agonist 
activity and membrane stabilizing properties. Betaxolol 
structure includes a phenoxy group, chiral carbon center, and 
alkyl isopropyl on the amino group (Figure 8) [46]. Studies on 
the synthesis, modeling, and anticonvulsant activity of some 
phthalazinone derivatives further support the signiϐicance 
of stereoselectivity in drug development [47]. Furthermore, 
the development of novel compounds with anti-inϐlammatory 
properties, such as benzimidazole derivatives, has shown 
signiϐicant potential in treating various conditions due to their 
proton pump inhibitor activity [48].

Additionally, studies have demonstrated that anilides 
based on the 5, 5-diphenylimidazolidine-2, 4-dione scaffold 
exhibit signiϐicant anti-inϐlammatory, analgesic, and COX-
1/2 inhibition activities, as supported by molecular docking 
studies [49].

Betaxolol is a selective β1 receptor blocker used in 
the treatment of glaucoma and hypertension and has no 
partial agonist activity and membrane stabilizing properties 
(Development of novel benzofuran-isatin conjugates as 
potential antiproliferative agents with the apoptosis-inducing 
mechanism in Colon cancer [50]. Betaxolol’s structure includes 
a phenoxy group, chiral carbon center, and alkyl isopropyl on 
the amino group [51].

Conclusion
In conclusion, the β1 receptor plays a crucial role in the 

cardiovascular system, speciϐically in regulating the heartbeat 
and increasing the pumping of blood from the heart. Various 
β blockers, such as propranolol, atenolol, bisoprolol, nebivolol, 
metoprolol, esmolol, acebutolol, and betaxolol, have been 
developed to target this receptor. These drugs exhibit 
stereoselectivity due to the presence of a chiral carbon in their 
chemical structure [48].

Propranolol, a non-selective β blocker, is used for the 
treatment of hypertension, irregular heartbeat, thyrotoxicosis, 
essential tremors, and other cardiovascular conditions. 
Atenolol, on the other hand, is a selective β1 blocker primarily 
used for hypertension and chest pain associated with heart 
conditions. Bisoprolol and nebivolol are also β1 blockers used 
in the management of heart diseases and hypertension.

Metoprolol is another β1 blocker that is effective in 
controlling high blood pressure, chest pain, and fast heart 
rates. Esmolol, a cardioselective β1 blocker, acts rapidly but 
has a short duration of action. Acebutolol, with its intrinsic 
sympathomimetic activity, is commonly prescribed for 
hypertension, arrhythmias, and angina. Lastly, betaxolol, 
a selective β1 receptor blocker, is used for the treatment of 
glaucoma and hypertension.

The development of these β1 blockers has signiϐicantly 
contributed to the management of various cardiovascular 
conditions. Their distinct chemical structures and 
stereoselectivity enable them to selectively target the β1 
receptor, leading to improved therapeutic outcomes. Further 
research and development in this ϐield, such as the development 
of 2-oxindolin-3-ylidene-indole-3-carbohydrazide derivatives 
as novel apoptotic and anti-proliferative agents toward 
colorectal cancer cells is an area of active research [52]. 
Further advancements in this ϐield may reveal additional 
β1 receptor agonists with improved efϐicacy and reduced 
side effects, expanding treatment options for patients with 
cardiovascular disorders. Additionally, the ongoing research 
and evaluation of novel anti-cancer compounds remain a 
signiϐicant focus, promising potential advancements in cancer 
therapy [36]  and may uncover additional β1 receptor agonists 
with enhanced efϐicacy and fewer side effects, providing even 
more options for patients with cardiovascular disorders.
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