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Abstract—The context of pharmaceutical research has reached the stage where drug discovery can be seen as the testing and development of 

medicants targeted at specific molecular components within disease processes, rather than merely identifying chemicals with a broad 

therapeutic potential. Pharmaceutical science has matured to a basic discipline of this age, providing tools of investigation of the relationships 

between structure and activity, and structure and selectivity. This review addresses how progress in pharmaceutical chemistry has contributed 

to targeted drug discovery, highlighting chemical methodologies for target identification, binding selectivity, and physicochemical properties 

optimization along with those for achieving target engagement and pharmacodynamic profile. In addition to outlining the principle therapeutic 

applications, effective in a variety of human diseases, the review also covers current mechanisms and trends in pharmaceutical chemistry. 
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I. INTRODUCTION 

he development of a drug is an intricate multi-stage 

procedure which starts with the discovery of a 

biological target connected to the disease’s 

pathogenic mechanism and ends in producing a completely 

safe, therapeutically effective therapeutic agent for human use 

[1]. Data obtained with conventional drug-discovery efforts 

have indicated that a large number of pharmacologically 

active molecules are lost at the latter stage of drug 

development because they lack adequate target-selectivity or 

show ubiquitous side effects due to interacting with untargeted 

biological systems [2]. Such limitations have prompted the 

necessity to develop tailored and rational approaches to 

improve therapeutic effectiveness, and reduce unwanted off-

target side-effects [3]. Under this landscape, targeted 

medicines have become one of the major subjects in 

pharmaceutical and medical sciences since drug design is 

focused on developing drugs that can interact selectively with 

certain biological agents such as enzymes, receptors or 

regulatory proteins related to well-known cellular 

mechanisms. This shift has led to remarkable achievements of 

efficiency and safety in the new drug properties [4]. 

Indeed, pharmaceutical chemistry has made a major 

contribution in taking the key idea of targeted medicine and 

turning it into an operational drug discovery mindset by 

utilizing basic chemical principles to determine both the 

molecular architectures of biological targets and the 

interactions that underpin selective drug recognition [5]. As 

shown in Fig.1, pharmaceutical chemistry represents an 

efficient approach for the targeted design and development of 

drugs including identification of biological target, molecular 

designing and structural optimization through SAR (structure–

activity relationship) studies [6]. This 'systems' view 

highlights the intimate relationship between chemical 

structure and biological activity that rational drug design 

depends on, and is likely to lead to safer and more potent 

patient targeted therapies [7]. 

 

 
Fig. 1. Diagram illustrating the role of pharmaceutical chemistry in targeted 

drug design and development. 

II.   THE CONCEPT OF TARGETED MEDICINES AND THEIR 

THERAPEUTIC IMPORTANCE 

It is highlighted that targeted medicines belong to a novel 

generation of drug therapies in which knowledge of molecular 

T 
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basis of disease plays a critical role [8]. This strategy 

optimizes around a biological target that is central to the 

disease process and creates compounds that selectively alter 

activity at this target [9]. The therapeutic significance of this 

type of drug is the avoidance of side effects from interference 

with other biological systems which, in turn, would enhance 

treatment effectiveness and patient compliance [10]. The 

delivery of so-called “personalized” drugs will also permit a 

more personalized treatment based on the patient’s biological 

characteristics and biology of their disease, which is one of 

precision medicine’s greatest advances [11]. 

III.   CHEMICAL PRINCIPLES IN TARGETED DRUG DESIGN 

A. Target Selection from a Chemical Perspective 

Target selection is the first step for drug target design. The 

choice is weighty, as it needs a performance analysis of the 

possibility of the chemical interaction between molecule and 

biological target [12]. Molecular binding affinity, structural 

stability and propensity for chemical modification of the 

target are also important factors to gauge the suitability of a 

target for drug development [13]. 

B. Binding Selectivity and Chemical Interactions 

Drug specificity for its target is a function of the nature 

and strength of chemical interactions formed between the 

drug molecule and its biological target [13]. These chemical 

reactions mainly include hydrogen bonds, Van der Waals 

forces, electrostatic interactions, and hydrophobic interactions, 

which have different roles in stabilizing the drug–target 

complex [14]. The nature of these interactions is strongly 

dependent on the spatial localization of the functional groups 

in the drug molecule, proper orientation being critical to 

ensure adequate complementarity with the binding site of their 

biological target [15]. As shown in Fig. 2, the combined effect 

of these chemical interactions is that selective binding can be 

increased and indiscriminate interactions with non-target 

biomolecules avoided to a larger extent than according to 

single interaction mechanism, which may lead to improved 

pharmacological selectivity and therapeutic activity. 
 

 
Fig. 2. A diagram illustrating the chemical basis for the selective binding of 

the targeted drug to the biological target. 

C. Structure–Biological Activity Relationship 

The correlation between chemical structures and biological 

activity is a fundamental concept within pharmaceutical 

chemistry and forms the cornerstone of rational drug design 

[16]. Even slight variations to the molecular framework, in 

terms of functional groups, substituents or the 3D structure 

can have significant impact on bioactivity, binding and 

pharmacological selectivity [17]. As depicted in Figure 3, the 

systematic alteration of chemical structures provides the 

scientist with an opportunity to explore how certain structural 

alterations affect the interaction profile with its biological 

target and leads to an optimization of lead compounds. This 

could lead to a balanced profile of therapeutic efficacy 

reduced roadblocks in development with regard to safety and 

off-target binding, thus highlighting the significance of 

medicinal chemistry in rational drug design [18]. 

 

 
Fig. 3. Effect of Chemical Structural Modifications on Bioactivity and Target 

Drug Selectivity. 

D. Improving Physicochemical Properties 

For clinical success of drugs solubility, membrane 

permeability and chemical stability are very important factors 

which highly influence the drug discovery and development 

[19]. Poor physicochemical profiles of drugs are one of the 

major factors to limit their absorption, dispersion and 

therapeutic efficacy [20]. As shown in Figure 4, the properties 

can be drastically affected by rationally tailor made chemical 

modifications, such as improving solubility and optimizing 

permeability across biological membranes and better chemical 

stability. Such advances in the formulations are reflected in 

both increased bioavailability and treatment efficacy making 

pharmaceutical chemistry an important element in improving 

drug action [21]. 

 

 
Fig. 4. Role of Chemical Modifications in Enhancing the Physicochemical 

Properties of Target Drugs. 

IV.   THE ROLE OF PHARMACEUTICAL CHEMISTRY IN 

TARGET   DRUG DEVELOPMENT 

Pharmaceutical chemistry is relevant from lead substance 

identification with high molecular propensity to interact with 

the biological target, through optimization of lead compound 

structures up to support of preclinical investigations [22]. At 

the first step, it is a pharmaceutical chemistry that can assist 

for selection of appropriate molecular structures and 

corresponding to interactions between compound and 
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biological target as well as counterpart compounds to be 

designated ones having an appropriate ground for further 

stage development [23]. In the structural modification stage, 

the molecule chemical structure is repeatedly altered to 

provide high selectivity, enhance efficacy and decrease the 

potential toxicity of lead compounds [24]. 

These activities are key to lower failure rates in advanced 

stages of development due to discovery failures, for instance 

toxicity, poor bioavailability or chemical instability [25]. 

Pharmaceutical chemistry also helps to optimize the 

pharmacokinetic profiles of lead compounds through the 

introduction of rational structural modifications which remove 

unwanted drug interactions [26], increase in vivo stability, 

and assist in reaching active therapeutic concentrations [27]. 

V.   THERAPEUTIC APPLICATIONS OF  TARGETED DRUGS 

 There is a growing trend of high therapeutic successes 

using targeted drugs in numerous medical areas, most notably 

in oncology [28]. It permits the directed delivery of anticancer 

compounds to cellular pathways that control the growth and 

progression of tumors, with less off-target effect on normal 

tissue than with conventional chemotherapy [29]. This has led 

to higher response rates as well as reduced systemic toxicity 

[30]. 

They have also been successfully applied in the treatment 

of chronic inflammatory diseases, cardiovascular and a few 

neurological disorders [31]. Selective development of drug 

molecules has led to enhanced treatment benefit and reduced 

patient burden [32]. This success further emphasizes the value 

of combining full appreciation of disease mechanisms with 

systematic application of pharmaceutical chemistry principles 

to achieve compounds with improved therapeutic performance 

[33]. 

VI.   CURRENT CHALLENGES IN TARGETED DRUG 

DEVELOPMENT 

Although advances are being made in this area, the 

development of antivirals to target these mechanisms is also a 

significant challenge [34]. The complexity and poor 

selectivity of biological targets make it challenging to 

selectively bind the drugs to them, in addition, drug resistance 

occurs when taken for a long time [35]. In addition, inter-

individual variation of treatment response plays an important 

role to be considered in final assessment of drug effectiveness 

and safety [36]. 

For some biological targets, certain chemical constraints 

are placed for a desired level of selectivity while avoiding 

other body targets [37]. Overcoming them requires the 

creation of more sophisticated chemical strategies, and an 

increased interaction among pharmaceutical chemistry [38] 

with life science, and clinical science to guide research 

toward rational therapeutic approaches [39]. 

VII.   FUTURE PROSPECTS 

Further developments in pharmaceutical chemistry will 

likely enlarge the panel of targeted therapies and generate 

more selective compounds that may be adapted to various 

therapeutic needs [40]. In addition, the more direct integration 

of chemical and biological information with the rapidly 

innovating field of molecular biology is also likely to lead to 

reined recognition or biotargets and improved design of both 

more powerful and safer drugs [41]. Such developments are 

very hopeful for well targeted precision and specificity which 

how itself comes as pillars of present day drug treatment [42]. 

VIII.  CONCLUSION 

Intermediate of this review are that the involvement of 

drug-oriented professional people like medicinal chemist in 

rational drug design is important and with appropriate 

application of chemical concept targeting agents should 

resulted with better sensitivity, selectivity and meanwhile less 

side effects. Today, prospective studies in this area are very 

likely to persist and support the development of safer and 

more effective future targeted therapies. 
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