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Introduction

Introduction: Synthetic chemistry techniques allow for the exploration of a vast chemical space,
leading to the creation of diverse libraries of molecules for screening against various biological targets.
These compounds serve as starting points for the development of lead compounds with desirable drug-
like properties. Synthetic chemistry also plays a crucial role in large-scale synthesis of
pharmaceuticals, optimizing drug formulation, enhancing drug stability, and improving therapeutic
efficacy. Furthermore, synthetic chemistry allows for the creation of analogs and derivatives of
existing drugs, leading to improvements in therapeutic efficacy, reduced toxicity, and enhanced
pharmacokinetic properties.

Method: The literature search for this scoping review was conducted on Google Scholar,
ResearchGate and Elsevier web databases using the following phrases and keywords Processes of
Drug Development, Drug Discovery, Relevance of Synthetic Chemistry in Pharmaceutical Research
and Development. Only publications that had full open access for complete manuscript and had
publication year within the period 2003 to 2022 were included in the review.

Conclusion: Several challenges impede the full utilization of synthetic chemistry in Nigeria's
pharmaceutical industries, including limited research infrastructure, inadequate funding, shortage of
skilled personnel, and reliance on imported raw materials. Overcoming these challenges requires
collaborative efforts and investment in research infrastructure, funding support, education and skill
development, local production of raw materials, and streamlining of regulatory processes.

medical needs and improving healthcare outcomes'.

Synthetic chemistry, a branch of chemistry focused on the
design and synthesis of new compounds, has played a
pivotal role in advancing pharmaceutical research and
development worldwide. The development of novel drugs
relies heavily on the synthesis of complex molecules with
desired biological activities. By enabling the creation of
new chemical entities and modifying existing ones,
synthetic chemistry contributes significantly to the
discovery and optimization of drugs, addressing unmet
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In Nigeria, as in many other countries, the field of synthetic
chemistry has gained increasing attention due to its
potential to drive pharmaceutical research and
development. Nigeria, with its rich biodiversity and
traditional medicinal practices, holds immense potential for
the discovery of new therapeutic agents. However, to fully
harness this potential and contribute to the advancement of
the pharmaceutical sector, it is crucial to emphasize the
significance of synthetic chemistry as a fundamental tool in
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drug discovery and development’.

The synthesis of organic compounds in the laboratory
allows researchers to explore a vast chemical space,
enabling the creation of diverse libraries of molecules for
screening against various biological targets. These
synthesized compounds serve as the starting point for
medicinal chemists to develop lead compounds that exhibit
desirable drug-like properties, such as potency, selectivity,
and bioavailability. Through synthetic chemistry, scientists
can optimize the pharmacological properties of these lead
compounds, enhancing their efficacy and reducing any
potential side effects’.

Synthetic chemistry also plays a critical role in the
production of pharmaceuticals on a large scale. Once a lead
compound has been identified and optimized, synthetic
chemists employ their expertise to design efficient and cost-
effective routes for large-scale synthesis. They develop
innovative strategies to streamline processes, enhance
yield, and improve the purity of the final drug product. This
ensures that pharmaceuticals can be manufactured in
sufficient quantities, meeting the demands of patients and
healthcare systems".

Moreover, synthetic chemistry enables the creation of
analogs and derivatives of existing drugs, which can lead to
improvements in therapeutic efficacy, reduced toxicity, and
enhanced pharmacokinetic properties. By modifying the
chemical structure of a known drug, medicinal chemists can
develop new formulations that overcome limitations
associated with bioavailability, stability, or other
pharmaceutical properties. This approach, known as
structure-activity relationship (SAR) studies, forms the
backbone of rational drug design, guiding the optimization
of lead compounds and the development of new drug
candidates’.

The significance of synthetic chemistry in advancing
pharmaceutical research and development has been widely
recognized and documented in numerous scientific
publications. Researchers and institutions around the world
have made substantial contributions in this field, resulting
in the discovery and development of life-saving drugs.
Furthermore, synthetic chemistry has facilitated the growth
of the global pharmaceutical industry, stimulated economic
development and improved public health®.

Consequently, synthetic chemistry plays a crucial role in
advancing pharmaceutical research and development, both
globally and in Nigeria. It enables the creation of novel
compounds, optimization of lead compounds, and large-
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scale production of pharmaceuticals. By leveraging the
potential of synthetic chemistry, Nigeria can tap into its rich
biodiversity and traditional medicinal practices to discover
new therapeutic agents and contribute to the global
pharmaceutical landscape.

2. Relationship between Synthetic Chemistry and
Pharmaceutical Industries

The Nigerian pharmaceutical industry relies heavily on
synthetic chemistry for the production of drugs and
pharmaceutical products. Synthetic chemistry plays a
crucial role in drug discovery, development, and
manufacturing processes, enabling the synthesis of active
pharmaceutical ingredients (APIs) and other essential
compounds.

2.1 DrugDiscovery and Development

Synthetic chemistry is essential in the drug discovery and
development process, where scientists design and
synthesize new compounds with potential therapeutic
effects. Medicinal chemists utilize synthetic chemistry
techniques to create novel molecules, optimize their
properties, and enhance their efficacy and safety. These
synthesized compounds serve as lead candidates for further
development into drugs’. It enables the synthesis of novel
compounds with therapeutic potential. Medicinal chemists
employ synthetic chemistry techniques to design,
synthesize, and optimize molecules that can serve as lead
candidates for further development into drugs. This stage
involves structural modifications to enhance potency,
selectivity, and pharmacokinetic properties of the
compounds’.

2.2 Active Pharmaceutical Ingredient (API) Synthesis
Synthetic chemistry is employed to synthesize APIs, which
are the biologically active components responsible for the
therapeutic effects of drugs. Nigerian pharmaceutical
companies rely on synthetic chemistry to produce APIs in
large quantities and ensure their quality and purity. These
APIs serve as the foundation for formulating different
dosage forms such as tablets, capsules, and injections’. It
plays a critical role in the synthesis of APIs, which are the
biologically active components of drugs. By employing
synthetic routes, chemists can produce APIs in sufficient
quantities to support local drug manufacturing. Synthetic
chemistry enables the development of efficient and cost-
effective processes for large-scale synthesis of APIs,
ensuring their quality and compliance with regulatory
standards".
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2.3 Process Optimization and Scale-up

Synthetic chemistry also plays a crucial role in optimizing
and scaling up the manufacturing processes of
pharmaceutical products. Chemists use synthetic chemistry
principles to develop efficient and cost-effective synthetic
routes for large-scale production of APIs and drug
formulations. Process optimization ensures that the
production methods are safe, environmentally friendly, and
economically viable'. This process is achieved by focusing
on the development, optimization and scale-up of a
chemical synthetic route, leading to a safe. reproducible,
and economical chemical manufacturing process.

2.4 Quality Control and Analysis

Synthetic chemistry techniques are utilized in quality
control and analysis of pharmaceutical products. Analytical
chemists employ various methods such as chromatography,
spectroscopy, and mass spectrometry, which are rooted in
synthetic chemistry principles, to ensure the purity,
potency, and safety of drugs. These analyses help in
compliance with regulatory standards and specifications'.
Synthetic chemistry-based analytical techniques are
employed in quality control and analysis of drugs and
vaccines. Analytical chemists utilize various synthetic
chemistry-derived methods such as chromatography,
spectroscopy, and mass spectrometry to assess the purity,
potency, and stability of locally manufactured
pharmaceutical products. These analyses ensure adherence
to regulatory requirements and help maintain consistent
quality”.

3 The Role of Synthetic Chemistry in Optimizing
Drug Formulation, Enhancing Drug Stability and
Improving Therapeutic Efficacy

3.1 Optimizing Drug Formulation

Synthetic chemistry plays a vital role in optimizing drug
formulation, ensuring the development of safe, effective,
and patient-friendly pharmaceutical products. By
employing synthetic chemistry techniques, researchers can
design and synthesize innovative excipients, delivery
systems, and drug formulations that enhance drug
solubility, stability, and targeted delivery. Here are key
aspects highlighting the significance of synthetic chemistry
in optimizing drug formulation.

3.1.1 Excipient Design and Synthesis
Synthetic chemistry enables the design and synthesis of
novel excipients with specific functionalities to optimize
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drug formulation. Chemists can modify existing excipients
or develop new ones that improve drug solubility, enhance
bioavailability, control drug release, and stabilize the
formulation. Synthetic chemistry techniques facilitate the
tailoring of excipients' physicochemical properties to meet
the specific requirements of drug molecules".

3.1.2
Synthetic chemistry plays a significant role in prodrug

Prodrug Design and Synthesis

design and synthesis, a strategy to optimize drug
formulation. Chemists employ synthetic chemistry
techniques to modify the chemical structure of drugs,
rendering them more stable, soluble, or better absorbed.
Prodrug synthesis involves introducing bio-reversible
functional groups through chemical modifications,
allowing the prodrug to undergo enzymatic or chemical
conversion into the active drug form within the body".

3.1.3
Synthetic chemistry techniques are essential in the design

Nanoparticle Formulations

and synthesis of nanoparticle-based drug formulations.
Chemists utilize synthetic methods to fabricate
nanoparticles with controlled size, shape, and surface
properties. Nanoparticles can encapsulate drugs, protect
them from degradation, and enable controlled release.
Synthetic chemistry enables the precise control over
nanoparticle characteristics, optimizing drug delivery and
improving therapeutic efficacy’.

3.14
Synthetic chemistry techniques play a crucial role in

Polymer-Based Drug Delivery Systems

designing and synthesizing polymers for drug delivery
systems. Chemists can employ synthetic methods to
modify polymer properties, such as molecular weight,
composition, and functionality, to tailor their drug release
kinetics and enhance formulation stability. Polymer-based
drug delivery systems enable controlled and sustained drug
release, improving therapeutic efficacy and patient
compliance'’.

Synthetic chemistry techniques are instrumental in
optimizing drug formulation by enabling the design and
synthesis of innovative excipients, prodrugs, nanoparticle
formulations, and polymer-based drug delivery systems.
These advancements enhance drug solubility, stability, and
targeted delivery, leading to improved therapeutic efficacy
and patient outcomes.

3.2 Enhancing Drug Stability
Synthetic chemistry techniques play a crucial role in
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enhancing drug stability, ensuring the maintenance of drug
potency, safety, and efficacy throughout the shelf life of
pharmaceutical products. By employing synthetic
chemistry methods, researchers can modify drug structures,
optimize chemical properties, and develop innovative
formulation strategies to improve drug stability. Here are
key aspects highlighting the significance of synthetic
chemistry in enhancing drug stability.

3.2.1  Chemical Modifications for Stability
Synthetic chemistry techniques enable chemical
modifications of drug molecules to enhance their stability.
Chemists can introduce functional groups or make
structural modifications that improve drug resistance to
degradation mechanisms such as hydrolysis, oxidation, or
photolysis. These modifications enhance drug stability,
extending the shelflife of pharmaceutical products'*.

3.2.2
Synthetic chemistry techniques are employed in the design

Prodrug Approach for Stability

and synthesis of prodrugs, which can improve drug
stability. Prodrugs are chemically modified forms of drugs
that undergo biotransformation in the body to release the
active drug. Prodrugs can enhance stability by protecting
drug molecules from degradation and improving their
physicochemical properties .

3.2.3
Synthetic chemistry techniques play a critical role in

Formulation Strategies

developing formulation strategies that improve drug
stability. Chemists utilize various excipients and
formulation approaches to enhance stability, such as the use
of antioxidants, pH adjustment, moisture control, and
packaging optimization. Synthetic chemistry enables the
design and synthesis of excipients with specific properties
to stabilize drug molecules and prevent degradation'.

3.24
Synthetic chemistry techniques are employed in

Nanotechnology-Based Approaches

nanotechnology-based approaches to enhance drug
stability. Nanoparticles, liposomes, and other Nano-
carriers can protect drug molecules from degradation and
provide a stable environment during storage and
transportation. Synthetic chemistry enables the design and
synthesis of Nano-carriers with controlled properties for
improved drug stability'’.

Therefore, synthetic chemistry techniques play a crucial
role in enhancing drug stability by enabling chemical
modifications, prodrug approaches, formulation strategies,
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and nanotechnology-based approaches. By employing
these techniques, researchers can optimize drug stability,
ensuring the maintenance of drug potency and efficacy
throughout the shelflife of pharmaceutical products.

3.3. Improving Therapeutic Efficacy via Structure-
Activity Relationship (SAR) Studies and Prodrug
Design and Synthesis

Synthetic chemistry techniques enable the exploration of
the structure-activity relationship (SAR) to optimize drug
properties and enhance therapeutic efficacy. By modifying
chemical structures through synthetic methods, chemists
can improve drug potency, selectivity, and pharmacokinetic
properties. SAR studies help identify key molecular
features that contribute to therapeutic activity and guide the
design of more effective drug candidates™. Synthetic
chemistry techniques are employed in the design and
synthesis of prodrugs, which can improve therapeutic
efficacy. Prodrugs are chemically modified forms of drugs
that undergo enzymatic or chemical conversion in the body
to release the active drug. Prodrug strategies can enhance
drug solubility, stability, and bioavailability, leading to
improved therapeutic outcomes".

3.4 Targeted Drug Delivery Systems

Synthetic chemistry plays a critical role in the development
of targeted drug delivery systems. Chemists can design and
synthesize drug carriers, such as nanoparticles, liposomes,
and micelles, with specific properties to achieve site-
specific drug delivery. These targeted delivery systems
improve drug accumulation at the desired site, enhance
therapeutic efficacy, and reduce off-target effects™.
Synthetic chemistry techniques play a significant role in
improving therapeutic efficacy by enabling SAR studies,
prodrug design and synthesis, targeted drug delivery
systems, and the development of molecular probes and
imaging agents. By employing these techniques,
researchers can optimize drug properties, enhance
selectivity, improve drug delivery, and facilitate accurate
disease diagnosis, ultimately leading to improved
therapeutic outcomes.

4  Applications of Synthetic Chemistry Techniques

4.1 DrugDiscovery and Development

Synthetic chemistry plays a crucial role in drug discovery
and development. Medicinal chemists utilize synthetic
chemistry techniques to design and synthesize novel
compounds with potential therapeutic effects. These
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synthesized molecules serve as lead candidates for further
optimization and development into drugs™.

4.2 Material Science and Polymer Chemistry

Synthetic chemistry techniques are extensively used in
material science and polymer chemistry. Chemists employ
synthetic methods to design and synthesize polymers with
tailored properties, such as improved mechanical strength,
thermal stability, or specific functionalities. These
polymers find applications in various industries, including
electronics, coatings, and biomedical materials™.

4.3 Organic Synthesis

Organic synthesis is a fundamental application of synthetic
chemistry techniques. Chemists use various synthetic
methods to construct complex organic molecules. These
methods involve the manipulation of chemical reactions,
functional group transformations, and the synthesis of
natural products, pharmaceuticals, and fine chemicals™.

4.4 Supramolecular Chemistry

Supramolecular chemistry involves the design and
synthesis of complex structures through non-covalent
interactions. Synthetic chemistry techniques are utilized to
synthesize supramolecular assemblies, such as host-guest
complexes and self-assembled materials. These structures
have applications in drug delivery, sensing, and molecular
recognition”’.

5 Challenges Impending the Full Utilization of
Synthetic Chemistry in Nigeria's Pharma Industries

5.1 Limited Research Infrastructure and Inadequate
Funding

A major challenge facing synthetic chemistry in Nigeria is
the limited research infrastructure. Insufficient laboratory
facilities, outdated equipment, and inadequate access to
specialized analytical instruments hinder the full
exploration and application of synthetic chemistry
techniques’. Insufficient financial resources limit research
and development efforts, hamper the establishment of
advanced research centers, and impede the acquisition of
state-of-the-art equipment and reagents™. A scarcity of
skilled personnel trained in synthetic chemistry techniques
is a notable challenge. There is a lack of qualified
researchers and technical staff proficient in advanced
synthetic chemistry methods and analytical techniques.
This shortage hinders the effective implementation and
optimization of synthetic chemistry processes in the
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pharmaceutical industry’.

5.2 Reliance on Imported Raw Materials

Nigeria's pharma industries heavily depend on imported
raw materials, including APIs and specialty chemicals, for
drug production. The limited local production of raw
materials hampers the full utilization of synthetic
chemistry. Reliance on imports increases costs, affects drug
availability, and limits the country's control over the supply
chain".

5.3 Regulatory Challenges

The pharmaceutical regulatory framework in Nigeria
presents challenges to the full utilization of synthetic
chemistry techniques. Cumbersome registration processes,
inconsistent regulations, and delays in regulatory approvals
impact the development and commercialization of drugs,
hindering the adoption of innovative synthetic chemistry-
based formulations".

6  Conclusions

The significance of synthetic chemistry in advancing
pharmaceutical research and development in Nigeria is
evident across multiple variables. The relationship between
synthetic chemistry and the pharmaceutical industries is
symbiotic, with synthetic chemistry serving as the
foundation for drug discovery, API synthesis, formulation
development, and quality control. By harnessing synthetic
chemistry techniques, Nigeria's pharmaceutical industries
can optimize drug formulation, enhance drug stability,
improve therapeutic efficacy, and broaden their
applications. However, several challenges impede the full
utilization of synthetic chemistry, including limited
research infrastructure, inadequate funding, shortage of
skilled personnel, and reliance on imported raw materials.
Overcoming these challenges is vital to unlocking the full
potential of synthetic chemistry and by direct correlation
Nigeria's local pharmaceutical industries.

7 Recommendations

7.1 Strengthen Research Infrastructure: Adequate
investment should be made to improve research
infrastructure by establishing well-equipped
laboratories and providing access to advanced
analytical instruments. This would enhance Nigeria's
capacity to conduct cutting-edge synthetic chemistry
research.

7.2 Increase Funding Support: Increased funding from
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government and private sectors is crucial to support
synthetic chemistry research and development
activities. Adequate funding would enable the
acquisition of state-of-the-art equipment, recruitment
of skilled researchers, and the execution of innovative
projects.

7.3 Promote Education and Skill Development:
Efforts should be made to train and develop a skilled
workforce proficient in synthetic chemistry
techniques. This can be achieved through academic
programs, training workshops, and collaborations with
international institutions to enhance the knowledge
and expertise of researchers and technical staff.

7.4 Encourage Local Production of Raw Materials:
Initiatives should be implemented to promote local
production of raw materials, such as APIs and specialty
chemicals. This would reduce dependence on imports,
enhance the availability of essential materials, and
improve the country's control over the pharmaceutical
supply chain.

7.5 Streamline Regulatory Processes: Regulatory
agencies should work towards streamlining
registration processes and ensuring consistent and
transparent regulations. This would facilitate timely
approvals and commercialization of synthetic
chemistry-based pharmaceutical products,
encouraging innovation and investment in the sector.
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