Medicinal chemists' roles in drug discovery: past and present
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ABSTRACT
From the first natural product isolation to its current applications in structure-based drug design, medicinal chemistry has always played a crucial role in drug discovery. Thanks to developments in computational chemistry, artificial intelligence (AI), and high-throughput screening, drug design is now more precise and effective than before. The perseverance of medicinal chemists and the development of small-molecule approaches through trial and error have enabled these breakthroughs. AI-driven molecular docking and in silico modeling, along with other techniques like automated synthesis and sustainable chemistry, are examples of how modern medicine integrates chemistry, biology, and data science. To speed up the drug development process, the role has expanded beyond traditional synthesis to involve interdisciplinary partnerships with pharmacologists, bioinformaticians, and medical specialists. This article discusses medicinal chemistry's historical contributions, notable developments in the field, and the field's prospects in the age of targeted medications and more individualized treatment.
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1. Introduction
Medicinal chemistry, which connects chemistry and medicine, served as the foundation for drug discoveries. The methods and tactics used by medicinal chemists have changed significantly over time. Prior to the 20th century, drug development relied heavily on trial-and-error and accidental discovery. Aspirin and penicillin, two medications derived from natural products, transformed medicine and further stimulated the creation of synthetic models. Widespread drugs became popular when the rapidly developing fields of organic chemistry and pharmacology added rational drug design to the expanding profiles of medicinal chemists.
Additional progress was made in the late 20th and early 21st centuries with the advent of high-throughput screening (HTS), computational capabilities, and structure-based drug design (SBDD). Today's markets employ autonomous technologies in medicinal chemistry, like machine learning (ML), to improve the side effects and maximum efficacy of the lead compounds. This study lays the groundwork for a comprehensive comparison of the traditional and modern approaches to drug development taken by medicinal chemists, as well as for defining the future directions of the field. The field of medicinal chemistry connects molecular biology, pharmacology, and chemistry. Designing and synthesizing compounds with therapeutic potential, optimizing their interactions with biological targets, and guaranteeing safe and effective pharmacokinetics are their primary goals. Over the past century, advances in scientific knowledge, computational tools, and drug discovery methodologies have led to a significant expansion of the roles of medicinal chemists. Once believed to be synthetic chemists who concentrated on structural modification, medicinal chemists are now crucial members of interdisciplinary teams involved in drug development and discovery. Target validation, lead compound identification, structure-activity relationship (SAR) research, ADMET property optimization, and regulatory body communication are among their responsibilities. The evolution of these positions and their importance in the past, present, and future of drug discovery are thoroughly examined in this review.
2. The Role of Medicinal Chemists in Early Drug Discovery 
A crucial phase in the creation of novel treatments is early drug discovery, which encompasses lead optimization, hit discovery, and target identification. In this phase, medicinal chemists create and synthesize compounds that could be useful medications by applying their understanding of chemistry, biology, and pharmacology. The identification of a biological target, such as an enzyme or receptor linked to an illness, typically initiates the process. Medicinal chemists collaborate with biologists to create or obtain compounds that can alter a target's activity after it has been validated. High-throughput screening (HTS) of chemical libraries or computational techniques like virtual screening and molecular docking are commonly used in this step, which is referred to as hit discovery.
The task of analyzing the outcomes of these screenings and locating "hit" compounds with encouraging biological activity falls to medicinal chemists. Hits are rarely flawless, though, so methodical optimization is required. To improve chemical structures' potency, selectivity, and drug-like qualities, medicinal chemists employ structure-activity relationship (SAR) studies. This entails creating analogs, forecasting the impact of structural modifications on activity, and synthesizing those substances in a laboratory. Medicinal chemists' primary responsibility is to balance safety, pharmacokinetics, and potency. A compound needs to be sufficiently soluble, metabolically stable, membrane permeable, and low toxicity to progress. To improve their chances of success in preclinical trials, medicinal chemists iteratively alter compounds using predictive models and in vitro data.  Medicinal chemists also help generate intellectual property (IP) by developing new chemical entities that can be patented, which gives drug development programs strategic value. Additionally, they work closely with interdisciplinary teams of pharmacologists, toxicologists, biologists, and computational chemists to guarantee a cohesive approach to lead optimization. Natural products have historically been modified by medicinal chemists to maximize their therapeutic qualities, and a significant amount of drug development was empirical. Many of the old drugs, like morphine (from opium) and quinine (from cinchona bark), were first made from natural sources; the creation of analogues improved their effectiveness and decreased their toxicity. The discovery of antibiotics like penicillin, which established a systematic method for creating synthetic medications to treat infectious diseases, is one of the 20th century's major advances in medicinal chemistry. One important contribution made by early medical chemists that continues to have a big impact today is the synthesis of aspirin from salicylic acid and sulfa medications, which ushered in the modern antibiotic era. Oral contraceptives and corticosteroids were developed as a result of the discovery and modification of steroid hormones. Early in the drug discovery process, medicinal chemists create molecules that resemble drugs. Their responsibilities go beyond synthesis to include interdisciplinary cooperation, rational design, and pharmaceutical profile optimization. The success of drug development pipelines depends on their ability to convert a promising hit into a workable lead compound.
3. Contemporary Drug Discovery and Medicinal Chemistry
Medicinal chemistry is at the core of the highly interdisciplinary process of modern drug discovery. Modern medicinal chemists work in biology, pharmacology, and computer science in addition to being synthetic specialists. In order to create molecules that are strong, specific, and appropriate for clinical use, they are essential. Target-based approaches, in which medications are made to modify biomolecular targets, have replaced phenotypic screening in drug discovery due to developments in genomics, proteomics, and structural biology. By improving structure-activity relationships (SAR) and developing compounds with desired pharmacokinetic and safety profiles, medicinal chemists assist. However, the main duties of medicinal chemists have shifted from random screening to systematic drug discovery and research due to the rapid advancement of technology. These innovations include:
3.1. HTS, or high-throughput screening 
HTS drastically cuts down on the time an investigator needs to create a candidate drug by enabling the rapid screening of a sizable chemical library against biological targets. Medicinal chemists will then evaluate the hit compounds and enhance their pharmacokinetic and pharmacodynamic properties. 
3.2. Drug Design Based on Structure (SBDD) 
Nuclear magnetic resonance (NMR) spectroscopy and X-ray crystallography allow medicinal chemists to develop drugs that focus on the three-dimensional structure of the target proteins. Examples of successful applications include HIV kinases and HIV protease inhibitors for cancer treatment.
3.3. Machine Learning and Artificial Intelligence in Drug Development 
AI-based drug design techniques are transforming medicinal chemistry by providing accurate predictions for bioavailability, toxicity, and drug likeness. In addition to saving time and money in the drug discovery process, processing large datasets yields relevant treatment candidates. 
3.4. Sustainable Drug Design and Green Chemistry 
Because of growing sustainability and environmental consciousness, medicinal chemists are increasingly interested in green chemistry, which focuses on waste reduction, the use of renewable resources, and the development of environmentally friendly synthesis techniques. 
4. Difficulties and Prospects 
Medicinal chemists' crucial role in drug discovery has changed dramatically, presenting both enduring difficulties and exciting prospects. In the past, medicinal chemists had to contend with limitations in synthetic methods, biological knowledge, and analytical instruments. Without a thorough understanding of disease mechanisms or molecular targets, drug design was often based on trial and error. It took time to identify active compounds, and the absence of predictive models made it more challenging to optimize them for safety and efficacy. Medicinal chemists still face many obstacles despite technological advancements. It is still challenging to design compounds with a balance of potency, selectivity, and favorable pharmacokinetics. Traditional drug design strategies continue to face challenges from emerging diseases, drug resistance, and the emergence of challenging targets such as protein-protein interactions. 
But there is a bright future ahead. Hit detection and lead optimization have been revolutionized by the convergence of computational chemistry, machine learning, and artificial intelligence. Medicinal chemists can make better choices early in the discovery process by using predictive ADMET models, virtual screening, and structure-based drug design (SBDD). The role of the chemist is further strengthened by collaborative, multidisciplinary approaches that link chemistry with data science, pharmacogenomics, and systems biology. Medicinal chemists' influence and reach are increased by the ongoing advancements in automated synthesis platforms, personalized medicine, and green chemistry. Medicinal chemists continue to face several challenges in their search for new drugs, despite significant advancements: 
· Drug resistance: Several bacteria and cancers that are resistant to antibiotics have emerged, necessitating innovation in medication design. 
· Toxicology and side effects: The primary goal of medicinal chemistry is to guarantee the efficacy and safety of pharmaceuticals. 
· Regulatory barriers: Complicated preclinical and clinical testing is necessary due to strict FDA and EMA regulations, which cause protracted drug development timelines.
4.1. Prospective Paths 
· Personalised Medicine: Advances in genetics and biomarker research may enable medicinal chemists to develop drugs tailored to individual patients.
· AI-Driven Drug Discovery: The quantitative, logical drug design process should make significant progress by fusing AI and quantum computing.
· Targeted Drug Delivery: Engineering and nanotechnology developments are working to develop drug delivery systems that more accurately disperse prescription drugs, enhancing therapeutic results.
CONCLUSION
Over the past century, the roles of medicinal chemists in drug discovery have changed significantly. From identifying potent natural compounds to using AI and computational tools to create complex, targeted molecules, their knowledge remains at the core of pharmaceutical innovation. The inventiveness, intuition, and scientific rigor of medicinal chemists are still vital despite the incorporation of new technologies. Medicinal chemists will be crucial in tackling new issues like drug development sustainability, personalized therapies, and resistance mechanisms in the years to come. For many years to come, medicinal chemistry will remain a fundamental component of drug discovery due to its versatility and development. Although it was first based on serendipity, advances in drug discovery techniques have so far involved a substantial, ground-breaking infusion of technology into medicinal chemistry, which makes it sound extremely complex. The introduction of artificial intelligence, structure-based drug design, and high-throughput screening has made the drug development process more straightforward and effective. There are still problems with toxic substances and the more common issue of drug resistance. In order to address unmet medical needs, this science's future integrates artificial intelligence, personalized medicine, and sustainable drug development. Their contributions to new medications will always be required, even if medicinal chemists continue to progress alongside science.
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