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INTRODUCTION
Rational drug design is a systematic and knowledge-driven approach to drug discovery that integrates molecular biology, structural biology, and computational methods to develop therapeutic agents with high specificity and efficacy. The conventional trial-and-error methods often lack precision and require extensive screening but rational drug design utilizes detailed information about the structure and function of biological targets such as proteins and enzymes to guide the development of compounds capable of interacting precisely with those targets. This approach frequently involves the use of computer-aided drug design (CADD) tools to model and predict the interactions between drug candidates and their molecular targets. As a result, it significantly streamlines the drug development process, reducing both the time and financial resources required, has the ability to fine-tune drug characteristics such as binding affinity, target selectivity, and pharmacokinetic profiles and minimise unintended interactions and side effects. Overall, rational drug design represents a more efficient, targeted, and scientifically grounded alternative to traditional drug discovery methodologies.[1,2]
Types of rational drug design 
The two principal strategies in drug design are structure-based drug design and ligand-based drug design. 
1. STRUCTURE BASED DRUG DESIGN
Structure-Based Drug Design (SBDD) is a rational approach to drug discovery that utilizes the three-dimensional (3D) structure of a target protein to design therapeutic compounds with high specificity and efficacy. The primary objective of SBDD is to develop molecules that can bind precisely to the active site of a disease-relevant protein, thereby modulating its biological function to achieve a therapeutic effect. The overall drug discovery process generally progresses through four key stages: the discovery phase, development phase, clinical trial phase, and regulatory approval phase.[3] 
Among the key computational methods employed in structure-based drug design (SBDD), structure-based virtual screening (SBVS), molecular docking, and molecular dynamics (MD) simulations are the most widely used. These techniques are extensively applied to study binding energetics, analyse ligand protein interactions, and assess conformational changes that take place during the docking process.[4] 
Steps of SBDD 
1. Target identification and structural characterization: The initial step involves the identification of a protein target implicated in a specific pathological condition, such as an enzyme or receptor. The 3D structure of the target protein is then elucidated using high-resolution techniques such as X-ray crystallography, nuclear magnetic resonance (NMR) spectroscopy, or cryo-electron microscopy (Cryo-EM).
2. Binding site characterization: Detailed analysis of the protein’s active site is conducted to assess its structural features, including shape, electrostatic potential, and hydrophobic/hydrophilic properties which is essential for designing molecules that can complement the binding site geometry and chemical environment.
1. Molecular Docking: Molecular docking is employed to computationally predict the binding mode and affinity of candidate molecules to the target site. Software tools such as AutoDock, SwissDock, and the Schrödinger Suite are commonly used to simulate ligand–receptor interactions and identify favorable binding conformations. 
2. Lead compound optimization: Once a potential lead compound is identified, it undergoes iterative chemical modifications aimed at enhancing its binding affinity, metabolic stability, and pharmacokinetic properties. 
3. Preclinical Validation: Optimized compounds are subjected to experimental evaluation through in vitro assays and in vivo models to assess their biological activity and safety profiles prior to clinical development. 
STRUCTURE BASED VIRTUAL SCREENING 
Structure-based virtual screening (SBVS), also known as target-based virtual screening (TBVS), is a computer-based method used to identify potential drug candidates by predicting how well different molecules (ligands) can bind to a specific target, usually a protein. The ligands are ranked based on their predicted binding strength, with the most promising compounds appearing at the top of the list. This method requires the three-dimensional (3D) structure of the target protein so that the interactions between the protein and each compound can be simulated. Compounds are selected from a chemical database and then grouped according to how well they are predicted to bind to the target site.[5] This screening process involves docking, in which ligands are evaluated and filtered based on their predicted binding affinities. The highest-ranking compounds from the computational screening are subsequently subjected to in vitro testing. 
VS can be broadly categorized into two types: ligand based virtual screening (LBVS) and structure-based virtual screening (SBVS). In LBVS, biological data are analysed to distinguish active compounds from inactive ones, and this information is used to identify highly active molecular frameworks through consensus pharmacophore models, molecular similarity, or various descriptor-based approaches. Conversely, SBVS requires prior knowledge of the target protein’s 3D structure. In this method, computational algorithms are used to dock large libraries of commercially available, drug-like molecules to the protein target. A scoring function then assesses the binding strength of the docked complexes, followed by experimental validation through binding assays. Scoring ligands accurately is a critical component of SBVS. Unlike ligand-based methods, structure-based approaches do not depend on pre-existing experimental biological data. 
MOLECULAR DOCKING  
Molecular docking is a virtual simulation method used to model the interactions between molecules. It accurately predicts the binding orientation and conformation of ligands within the active site of a target protein, making it one of the most extensively utilized techniques in structure-based drug design (SBDD). Docking is employed to investigate critical molecular events, such as the binding poses of ligands and the intermolecular interactions that contribute to the stability of ligand–protein complexes. Additionally, docking algorithms estimate binding energies and prioritize ligands based on various scoring functions. The successful prediction of ligand-binding conformations depends primarily on two factors:  
(i) the exploration of a broad conformational space representing potential binding poses and (ii) the precise estimation of binding energies associated with these conformations. 
Through iterative optimization, docking procedures seek to identify the conformation corresponding to the minimum energy state, with ligand binding evaluated via different scoring functions. Molecular docking can be classified into two categories: flexible-ligand docking and flexible protein docking. In flexible-ligand docking, three types of algorithms are commonly implemented to manage ligand flexibility: systematic, stochastic, and simulation-based methods. Systematic algorithms focus on analysing degrees of freedom, whereas stochastic methods introduce random changes to the ligand's conformation.
Procedure

The first step in molecular docking is to prepare the three-dimensional (3D) structures of both the ligand and the target protein. These structures can be obtained through experimental methods or predicted using computational tools. Next, docking software is used to explore different ways the ligand can fit into the protein's binding site. Commonly used software includes AutoDock, AutoDock Vina, Glide, and GOLD, each using specific search algorithms and scoring functions to predict the best binding interaction. 
Rigid and flexible dockingIn rigid docking, both the ligand and the protein are kept in fixed shapes during the simulation. This method is fast but may miss important changes that occur when molecules adjust their shapes to fit together (known as induced fit). Flexible docking allows movement in the ligand, the protein, or both, offering a more realistic view of how binding occurs. However, it requires more computational power and time. 
Types of docking There are various types of molecular docking. Protein–ligand docking is commonly used in drug research to study how small molecules bind to target proteins, helping identify potential new drugs. Protein–protein docking, on the other hand, focuses on interactions between two proteins, which are important for understanding many biological processes in cells.[14] 
MOLECULAR DYNAMICS SIMULATIONS 
Molecular dynamics (MD) simulations, on the other hand, offer a comprehensive approach for investigating the dynamic behaviour of macromolecules over time. By calculating interatomic forces and iteratively updating atomic positions, MD simulations enable the observation of the structural and conformational changes of biomolecular systems over time.  
Furthermore, MD simulations provide valuable insights into diseases linked to protein misfolding and aggregation, thereby facilitating the identification of small-molecule modulators as potential therapeutic agents.[6] 
Advantages of SBDD 
· High Specificity 
· Increased Efficiency:  
· Cost-Effectiveness 
II. LIGAND BASED DRUG DESIGN 
It is a strategy utilized when three-dimensional structural information about the biological target is unavailable, focusing instead on the study of compounds known to bind to the target. Among the most prominent techniques employed in this approach are three-dimensional quantitative structure–activity relationship (3D-QSAR) analysis and pharmacophore modeling. These tools play a critical role in elucidating the key interaction features between ligand molecules and their biological targets, thereby enabling the development of predictive models that facilitate the rational optimization of lead compounds.[8] In the early phases of drug discovery, in vitro assays combined with computational methods are increasingly employed to identify compounds exhibiting improved ADME (Absorption, Distribution, Metabolism, and Excretion) characteristics and favourable toxicity profiles. 
Steps in LBDD
1. Collection of Active LigandsResearchers begin by gathering information on compounds that have already shown biological activity against a specific target. These compounds may come from natural sources or existing drugs. 
2. Quantitative Structure-Activity Relationship (QSAR) AnalysisQSAR models use statistical and mathematical methods to study how a molecule’s structure relates to its biological activity. These models help guide the design of new molecules with improved effects. 
3. Pharmacophore ModelingA pharmacophore model identifies the key features (such as hydrogen bond donors/acceptors and hydrophobic areas) needed for a molecule to interact effectively with the target. This model is used to search chemical databases for compounds with similar features. 
4. Virtual Screening and Lead OptimizationVirtual screening uses computer tools like PyRx and OpenBabel to scan large libraries of molecules and find those likely to be active. Promising compounds are then refined to improve their performance. 
5. Experimental Testing The most promising molecules are synthesized and tested in biological experiments to Confirm Their Activity.[7] 
Advantages of LBDD 
· No need for protein structure data 
· Improves drug properties efficiently 
· Broad application
QUANTITATIVE STRUCTURAL ACTIVITY RELATIONSHIP (QSAR)
QSAR is a computational approach that establishes a quantitative link between the chemical structures of a set of compounds and their associated chemical or biological activities. The central premise of QSAR is that compounds with similar structural or physicochemical properties exhibit comparable biological activities. Initially, a collection of chemical entities or lead molecules demonstrating the desired biological effect is identified. A quantitative relationship is then constructed between the physicochemical characteristics of these active molecules and their biological activities. This QSAR model serves to optimize the structural features of active compounds in order to enhance the targeted biological response. Subsequently, the compounds predicted by the model are synthesized and experimentally evaluated for the desired activity. Overall, the QSAR method provides a powerful framework to guide the design of structural modifications that can lead to improved biological efficacy. 
In QSAR, this structural information is described using numerical values called molecular descriptors, which capture various chemical and physical properties of the molecule. There are different kinds of descriptors like count descriptors (0D), fingerprints (1D), topological descriptors (2D), geometrical (3D), grid based (4D) and so forth. The biological activity is then predicted as a function of these descriptors, as shown in the basic equation:

Biological activity = f (molecular descriptors).[16] 
Among the emerging approaches in drug discovery, de novo drug design and fragment-based drug design are gaining prominence for their precision and efficiency. 
De novo drug design  
De novo drug design is a computational strategy that creates entirely new molecular structures from atomic building blocks without relying on any pre-existing molecular frameworks. This method focuses on generating novel chemical entities based solely on information about a biological target (receptor) or known active compounds (ligands that demonstrate strong binding or inhibitory effects on the receptor). The main elements of de novo drug design involve characterizing the receptor's active site or modelling the ligand pharmacophore, constructing molecules through sampling techniques, and assessing the properties of the generated compounds. There are two primary approaches in de novo drug design: structure-based and ligand-based methods. Typically, the three-dimensional structure of a receptor is obtained through techniques such as X-ray crystallography, nuclear magnetic resonance (NMR), or electron microscopy. In cases where the receptor structure is unavailable, homology modelling can be used to predict an appropriate model, though its accuracy heavily depends on the quality of the template and the level of sequence similarity. When structural data for the biological target are lacking but active ligands are known, the ligand-based approach is preferred.[8] 
Fragment-based drug design 
Fragment-based drug design (FBDD) is a modern approach in early-stage drug discovery that uses small, low-molecular-weight compounds—known as fragments—as starting points for developing effective and selective drugs. These fragments, usually less than 300 Daltons in size, are simpler chemical structures compared to the larger and more complex molecules used in traditional high-throughput screening (HTS). Instead of screening large compound libraries, FBDD identifies small fragments that can bind to specific sites on a target protein. These fragments then serve as building blocks that can be modified or combined to create more potent drug candidates.[11] 
STEPS INVOLVED IN RATIONAL DRUG DESIGN 
Target identification involves the selection of a specific biomolecule—such as a protein, enzyme, or receptor—that is critically implicated in the pathophysiology of a disease and represents a potential point of therapeutic intervention. 
Target validation is the process of confirming the relevance and functional role of the identified target in the disease mechanism. This step also includes evaluating the feasibility of modulating the target using pharmacological agents, often through methodologies such as genetic knockdown, chemical inhibition, or in vivo animal studies. 
Hit identification entails the screening of extensive chemical libraries, typically using high-throughput screening (HTS) platforms, to discover small molecules that exhibit measurable activity against the validated target. 
Hit-to-lead optimization focuses on enhancing the biological activity, selectivity, and pharmacokinetic properties of initial hit compounds through iterative medicinal chemistry modifications. 
Lead optimization involves the further refinement of lead candidates to maximize their therapeutic efficacy, minimize toxicity, and improve drug-like characteristics, thereby generating compounds suitable for preclinical evaluation. 
Preclinical studies comprise a series of in vitro and in vivo assessments designed to evaluate the pharmacological activity, safety, and toxicological profile of the optimized leads in animal models prior to initiating human testing. 
Clinical trials are conducted in a phased approach to systematically evaluate the safety, tolerability, efficacy, and optimal dosing regimen of the investigational drug in human subjects, beginning with small-scale Phase I trials and progressing through larger Phase II and Phase III studies. 
Regulatory approval is obtained by submitting comprehensive data packages derived from preclinical and clinical studies to regulatory authorities such as the U.S. Food and Drug Administration (FDA). Upon approval, the drug is authorized for commercialization and therapeutic use in patients.[12 -14] 
ADME/ T AND DRUG LIKENESS PREDICTION 
ADMET prediction—which stands for absorption, distribution, metabolism, excretion, and toxicity—is an important step in drug discovery. It helps researchers understand how a compound will behave in the body and whether it has drug-like properties. Predicting ADMET early on helps save time and resources by focusing only on the most promising compounds. 
Traditionally, in silico (computer-based) methods for ADMET prediction use QSAR models and rule-based approaches. These methods look at the relationship between a compound’s structure and its biological activity using data called molecular descriptors. 
Free online tools like SwissADME are commonly used to estimate properties such as solubility, lipophilicity, and bioavailability by combining known chemical rules with machine learning (ML) methods. Another tool, FAF-Drugs4, also predicts ADMET and other properties and helps remove compounds likely to cause false results in biological tests.[7] 
1. IN VITRO ADME/T ASSAYS 
In vitro studies are used throughout the drug discovery process, from early lead optimization to preparing data for regulatory submissions such as the Investigational New Drug (IND) or New Drug Application (NDA). Running these studies alongside in vivo pharmacokinetic tests helps speed up drug candidate selection. These assays help identify compounds with good pharmacological profiles and acceptable safety while clarifying how they are processed in the body. 
2. Absorption and Distribution
For orally administered drugs, intestinal permeability is crucial. In vitro models are used to study this, such as: 
· Artificial membrane models (e.g., PAMPA): These measure how a drug passes through a lipid barrier, indicating passive diffusion. 
· Cell-based monolayer models (e.g., Caco-2, MDCK): These mimic the intestinal lining to study active transport and efflux mechanisms, especially those involving proteins like P-glycoprotein (P-gp). 
The FDA also recommends studying other transporters such as OAT, OATP, OCT, MRP, and BCRP to predict interactions and absorption issues. 
3. Metabolism 
Understanding how a drug is metabolized is essential because metabolism can lead to toxic by-products or influence the drug’s effectiveness. In vitro metabolism studies focus on: 
· Phase I metabolism, primarily carried out by cytochrome P450 (CYP) enzymes. 
· Phase II metabolism, involving enzymes like UGTs and sulfotransferases (PSTs). 
Common models used include
· Liver microsomes: To measure CYP enzyme activity. 
· Primary hepatocytes: These contain both Phase I and II enzymes and are useful for studying metabolism, toxicity, and drug interactions. 
4. Standard Metabolic Assays 
These include: 
· Metabolic stability: Measures how fast a compound is broken down. 
· Microsomal and S9 stability assays: Used for quick evaluation of metabolic pathways. 
· Hepatocyte stability: Provides a more realistic system for evaluating drug clearance. 
· Metabolite identification: Uses techniques like LC–MS to detect breakdown products. 
· Drug–drug interaction (DDI) assays: Evaluate how one drug may affect the metabolism of another, especially through CYP enzymes. 
5. Enzyme-Based DDI Assays
These focus on identifying inhibitors or inducers of key CYP enzymes (like CYP3A4, CYP2D6, etc.) and UGTs, which can alter the safety and efficacy of co-administered drugs. 
· Enzyme inhibition assays use human liver microsomes to calculate IC₅₀ or Ki. 
· Enzyme induction assays use human hepatocytes to measure changes in enzyme expression. 
6. Excretion 
There are currently no reliable in vitro methods to fully model drug excretion through kidneys or bile, so this is mainly studied using in vivo models. 
7. In Vitro Toxicity Panels 
A range of in vitro tests are used to detect early signs of toxicity. These may include: 
· Membrane integrity tests (e.g., LDH release, ATP assays) 
· Mitochondrial function tests (e.g., MTT assay) 
· Lysosomal function (e.g., Neutral red uptake) 
· Mutagenicity tests (e.g., Ames test) 
· Cardiac safety assays (e.g., hERG channel inhibition) 
IN VIVO ADME/T STUDIES 
A. Pharmacokinetics 
In vivo studies are required for regulatory approval and help in estimating human doses. These are typically conducted in two species: a rodent (rat) and a non-rodent (e.g., dog or monkey). 
· Absorption: Blood samples are collected over time to calculate Cmax, Tmax, and AUC. 
· Distribution: Radiolabeled imaging tracks how the drug moves through the body. 
· Metabolism and Excretion: Blood, urine, and feces samples help identify how the drug and its metabolites are processed and removed. 
These results guide the selection of human dose levels and identify possible side effects. 
B. Toxicology 
Toxicology studies evaluate the short- and long-term safety of the drug: 
· Acute toxicity studies last up to 4 weeks, while chronic studies may go up to a year. 
· Immunotoxicity studies monitor immune system effects, especially for biologic drugs. 
· Genotoxicity tests identify potential for DNA damage. 
· Carcinogenicity studies assess long-term cancer risk. 
· Reproductive toxicity studies examine effects on fertility and development, though data in pregnant models is often limited.[17] 
DRUG LIKENESS PREDICTION 
Computer aided molecular design (CAMD) has traditionally concentrated on finding and refining leads, and numerous methodologies such as quantitative structure activity relationships (QSAR) have been created to enhance ligand–receptor affinity. Attention is now shifting toward the broader notion of druglikeness and the in- silico prediction of physicochemical and biological attributes that determine whether a clinical lead can ultimately become a marketed therapy. 
While high target potency is indispensable, it is only one hurdle on the path to a successful medicine. Many highly potent molecules fail in clinical development—or, more regrettably, are withdrawn postapproval—because of inadequate bioavailability, unacceptable toxicity, unfavourable pharmacokinetics, or drug–drug interactions. Moreover, the rise of parallel synthesis and highthroughput screening has outpaced the capacity of conventional in vivo assays, which typically examine only a few dozen candidates owing to constraints in time and resources. Consequently, computational triage before experimental work is essential for allocating effort to the most promising compounds. 
For molecules that are not substrates of active transporters, passive absorption or membrane permeation is often compromised when any of the following criteria are exceeded: 
· logP > 5 
· molecular weight > 500 Da 
· 5 hydrogenbond donors 
· 10 hydrogenbond acceptors 
This “rule of five,” widely known through Pfizer/Lipinski, is now a routine filter in virtual library design. Nevertheless, adherence to these thresholds does not guarantee druglike behaviour. Frimurer and colleagues demonstrated that only 66 % of bioactive molecules in the MDL Drug Data Report satisfied the rule, whereas 75 % of ostensibly nondruglike compounds in the Available Chemical Directory also passed. Hence the rule of five, by itself, offers little discriminatory power beyond chance. More sophisticated, multiparameter models are therefore required to reliably identify candidates with genuine druglike properties.[18] 
CHEMICAL SYNTHESIS AND CHARACTERIZATION OF CURCUMIN DERIVATIVE 
Curcumin, a natural phenolic compound, shows diverse pharmacological activities. Rosocyanine, a boron-curcumin complex, is designed to improve curcumin's bioavailability and biological potency. However, some related compounds derived from curcumin, such as rosocyanine and rubrocurcumin, have demonstrated therapeutic potential. These compounds have recently been studied in cancer treatment, specifically in boron-10 neutron capture therapy. They belong to a group of chemicals called 1,3,2-dioxaborines, which are known for their fluorescent properties and are being investigated for medical applications, including Alzheimer’s disease treatment and is  considered a promising candidate for boron-10 cancer therapy. Although research on this cancer therapy began only in 2017, the synthesis of these compounds was first reported in the 19th century and has continued to draw scientific interest.[19] 
1. Early Observations and Discovery 
The first documented interaction between curcumin and boric acid was reported by Schlumberger (1866). He observed that when curcumin was treated with boric acid, a distinct red coloration occurred. This early work suggested the presence of a chemical interaction, laying the groundwork for later structural studies.[20] 
Rosocyanin Identification 
Clarke and Jackson (1908) explored the chemical nature of this red product and coined the name rosocyanine. They provided basic chemical properties and noted its potential analytical utility, although the structural details remained unknown.[21] 
2. Structural Understanding of Curcumin 
A major advancement came with the work of Milobedzka, Kostanecki, and Lampe (1910–1913), who proposed the β-diketone structure of curcumin. This functional group was later found to be essential for metal and boron chelation, forming the core basis for understanding rosocyanine’s stability and formation.[22] 
3. Spicer and Strickland (1952) – Structural Elucidation of Rosocyanine 
The most significant contribution came from G.S. Spicer and J.D.H. Strickland in their seminar paper titled “Compounds of Curcumin and Boric Acid. Part I. The Structure of Rosocyanin” (1952). They synthesized rosocyanine by reacting boric acid and curcumin in acidic conditions, and confirmed that the stoichiometry is 2:1 (two curcumin molecules to one boron atom).Their structural analysis revealed that each curcumin molecule forms a six-membered chelate ring with the boron atom through its β-diketone moiety, resulting in a tetrahedral boron coordination. The intense red color was attributed to extended conjugation and complex formation, making it useful as a colorimetric reagent for boron detection.[23]
4. Further support for this proposed structure was provided in Part III of the same study by Bellamy, Spicer, and Strickland. Infrared (IR) spectroscopy was employed to examine changes in the stretching frequencies of carbonyl and hydroxyl groups, confirming boron–oxygen chelation. This spectroscopic evidence validated the structure proposed in Part I. 
5. Analytical Applications – Spicer & Strickland (1958) 
In later work, Spicer and colleagues extended the application of rosocyanine in analytical chemistry. They demonstrated that its intense red colour could be used for quantitative detection of boron at microgram and sub-microgram levels via absorbance-based colorimetry. This provided a simple yet highly sensitive method for trace boron analysis, particularly useful in environmental and biological samples.
SYNTHESIS OF ROSOCYANINE 
To synthesize rosocyanine, 32.50 mg of boric acid (0.50 mmol) was dissolved in 2 mL of 95% ethanol, stirred at 240 rpm, and gently heated to 30 °C. Separately, 369.0 mg of curcumin (1.0 mmol) was dissolved in about 65 mL of 95% ethanol, stirred at the same speed, and heated to 68 °C. These two solutions were then combined in a round-bottom flask (RBF), and 17 µL of concentrated sulfuric acid (18 M H₂SO₄, 0.32 mmol) was added. The resulting red solution was heated under reflux for approximately two hours. After reflux, the solution turned dark red and was poured onto a pre-weighed petri dish. It was left to evaporate overnight in a fume hood. The resulting powder appeared red under transmitted light and green under reflected light. To remove impurities, it was washed with 10 mL of Milli-Q water and 3 mL of 95% ethanol, then dried again overnight before being used for crystallization attempts. 
Crystallization methods for Rosocyanine 
Three main methods were used to attempt crystal formation: evaporation, slow cooling, and vapor diffusion. The following describes these techniques, which resulted in crystals with irregular shapes. 
Method 1: Evaporation 
A total of 5.0 mg of rosocyanine was dissolved in approximately 0.5 mL of methanol. The solution was mixed thoroughly using a vortex mixer, filtered using a syringe, and transferred into a small vial with a loosely fitted cap to allow gradual evaporation. 
Method 2: Slow Cooling 
Here, 7.7 mg of rosocyanine was dissolved in about 0.5 mL of acetonitrile while heating at 60 °C and stirring at 200 rpm. Once fully dissolved, the solution was syringe-filtered into a small vial, sealed with a cap and parafilm, and placed in a refrigerator (5–10 °C) to promote slow crystal growth through cooling. 
Method 3: Vapor Diffusion 
10.3 mg of rosocyanine was dissolved in about 0.5 mL of isopropanol, in which it showed limited solubility. The filtered solution was placed in a small vial with an open cap and then inserted into a larger vial containing around 3 mL of hexanes. The outer vial was sealed with parafilm to allow slow vapor diffusion.[24] 
MOLINSPIRATION ANALYSIS 
Molinspiration calculates molecular properties and bioactivity scores. 
Descriptors include: 
- miLogP (lipophilicity) 
- TPSA (topological polar surface area) 
- Molecular weight 
- Number of hydrogen bond donors/acceptors 
- Rotatable bonds 
Bioactivity scores provide insight into likelihood of activity against GPCRs, kinases, proteases, etc. 
For Rosocyanine 
- miLogP: ~2.1 
- TPSA: ~80 Å² 
- Bioactivity (e.g., enzyme inhibition): Moderate to high 
Interpretation suggests acceptable drug-likeness and potential enzyme modulation activity.[25] 
QSAR MODELING PROTOCOL 
a. Dataset Collection 
Compile curcumin and analogues with known biological activities (e.g., IC50, MIC). 
b. Structure Preparation
Draw using ChemDraw or MarvinSketch, convert to SMILES. 
c. Descriptor Calculation
Use PaDEL, Molinspiration, or Dragon to calculate molecular descriptors. 
d. Model Building 
Apply statistical methods: 
- Multiple Linear Regression (MLR) 
- Support Vector Machines (SVM) 
- Random Forest (RF) 
e. Validation 
- R² (fit), Q² (predictivity), RMSE (error) 
- Y-randomization to confirm model robustness 
f. Equation Example 
Activity = a1*(TPSA) + a2*(LogP) + a3*(H-bond donors) + b 
Rosocyanine’s predicted activity is then compared using this QSAR model.[26] 
5. Comparison with In Silico and Biological Activities 
In silico ADMET predictions using SwissADME, pkCSM confirm bioavailability, metabolic stability, and toxicity risk. 
Biological assays (e.g., DPPH, MIC, MTT) provide experimental validation of QSAR-predicted activity. 

Correlation between predicted and observed activities strengthens model utility. 
QSAR and Molinspiration offer an efficient approach to predict and optimize the activity of drug-like molecules. For rosocyanine, this combined strategy helps design derivatives with better bioactivity and drug-likeness before lab synthesis and testing.[27,28] 
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Figure 1: Molinspiration property of Rosocyanine.
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Figure 2: 3D geometry.

Experimental Setup and Conditions for TLC analysis 
Table 1: Expected Chromatogram and Rf Values.[29,30]
	Compound
	Color
	Expected Rf Value

	Curcumin
	Yellow/Orange
	0.45 – 0.60

	Rosocyanine
	Red/Pink
	0.15 – 0.25

	Boric acid
	Colorless (invisible)
	~0 (remains at origin)
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Figure 3: Schematic Representation.
· Rosocyanine (Red) Rf ≈ 0.20   
· Curcumin (Yellow-Orange) Rf ≈ 0.50   
The TLC results provide a clear indication of rosocyanine formation:Good separation with well-defined, non-overlapping spots suggests a successful and specific reaction between curcumin and boric acid Rf values of rosocyanine and curcumin are distinct, confirming the presence of both compounds. 

UV SPECTRUM OF ROSOCYANINE 
The UV-Visible spectroscopy of rosocyanine is based on the formation of this red-colored complex, which shows a characteristic absorption maximum (λmax) typically in the visible region, around 540–560 nm. Molar absorptivity (ε): ~1.0 × 10⁴ L mol⁻¹ cm⁻¹ (approximate) 
Shape: A single, sharp peak indicating strong absorbance at λmax due to the chromophore created by chelation of boron with curcumin. 
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Figure 4: UV-Vis absorption spectrum of Rosocyanine.

Here is the simulated UV-Vis absorption spectrum of rosocyanine, showing a distinct peak at λmax ≈ 550 nm.[31] 
MELTING POINT 
Upon heating, rosocyanine exhibits thermal degradation before melting. The red complex darkens or chars, which is typical of compounds that undergo decomposition before melting.[32] 
Fourier Transform Infrared (FTIR) Spectrum of Rosocyanine[33]
The major functional groups and their corresponding IR absorption bands in rosocyanine are as follows: 
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Figure 5: FTIR spectra compare curcumin (orange) and Rosocyanine (blue).
The major functional groups and their corresponding IR absorption bands in Rosocyanine are as follows:

· Around 3500–3200 cm⁻¹: O–H stretching, assigned to the phenolic hydroxyl group.

· Around 1600–1625 cm⁻¹: C=O or C=C stretching, corresponding to aromatic ring and conjugated system.

· Around 1510–1525 cm⁻¹: C=C aromatic skeletal stretching, indicating the aromatic ring system.

· Around 1270–1300 cm⁻¹: C–O–C or B–O asymmetric stretching, showing the involvement of boron in chelation.

· Around 1030–1100 cm⁻¹: B–O stretching vibrations, indicating boric acid chelation with curcumin.

· Around 850–880 cm⁻¹: Out-of-plane C–H bending, representing substituted aromatic rings.

The spectrum confirms the coordination between boron and the diketo-enol moiety of curcumin, indicating the formation of rosocyanine through chelation.

Importance of FTIR in Characterizing Rosocyanine

· Confirms chelation sites (particularly the β-diketone moiety of curcumin).

· Identifies presence or absence of free hydroxyl or carbonyl groups.

· Differentiates rosocyanine from unreacted curcumin or boric acid.
The FTIR spectrum typically shows

· Broad O–H stretch peak near 3400 cm⁻¹.

· Sharp peaks around 1600 and 1500 cm⁻¹ for aromatic C=C bonds.

· B–O vibrational bands confirming boron incorporation.
ACTIVITY COMPARISON OF CURCUMIN AND ROSOCYANINE USING DOCKING STUDIES [34]
Table 2: Overview of Compounds.
	Compound
	Structure Highlight
	Activity Potential

	Curcumin
	Polyphenolic compound with two aromatic rings
	Known antioxidant, anti-inflammatory, anticancer, and antimicrobial activity

	Rosocyanine
	Curcumin-boron complex (boron chelated with diketo group)
	Enhanced stability and biological activity compared to curcumin


Table 3: Docking Results Summary.

	Compound
	Target Protein
	Binding Affinity (kcal/mol)
	Key Interactions

	Curcumin
	COX-2
	–6.7
	H-bonds with Arg120, Ser530

	
	DHFR
	–7.1
	H-bond with Asp27, hydrophobic

	
	CYP51
	–6.5
	H-bond with His518

	Rosocyanine
	COX-2
	–8.1
	H-bonds + π-π stacking + metal interaction with boron

	
	DHFR
	–8.3
	Multiple H-bonds and stacking

	
	CYP51
	–7.9
	Coordination with heme iron


Interpretation 
· Rosocyanine consistently shows lower (better) binding energy values than Curcumin across all targets. 
· The boron complexation in Rosocyanine enhances: 
· Molecular rigidity and planarity (better fit in binding site), 
· Electron density (better H-bond and π–π interaction), 
· Metal-binding capability (for metalloenzymes like CYP450).[35-39] 
CONCLUSION

· Rosocyanine exhibits superior binding affinity and more stable ligand-protein interactions than Curcumin. 
· This enhanced binding translates to potentially higher biological activity (e.g., antifungal, anti-inflammatory, anticancer), supporting its development as a novel therapeutic agent derived from natural curcumin. 
· Curcumin shows hydrogen bonding, π–π stacking, and hydrophobic interactions within the receptor binding site. 
· Rosocyanine forms additional interactions including metal coordination and more hydrogen bonds, explaining its enhanced binding affinity and biological activity.
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Figure 6: Docking interaction of Rosocyanine & curcumin.
GRAPHICAL QSAR COMPARISON BETWEEN CURCUMIN AND ROSOCYANINE 
Interpretation of the Chart 
1. Molecular Weight
· Rosocyanine (781.013 g/mol) > Curcumin (368.39 g/mol) 
· The added boron increases molecular mass, potentially enhancing target specificity.
2. LogP (Lipophilicity): Rosocyanine has a slightly higher LogP (4.1 vs. 3.2), suggesting increased lipophilicity, which may improve membrane permeability but must remain within drug-like limits. 
3. TPSA (Topological Polar Surface Area) 
· Rosocyanine: 116.37 Å² > Curcumin: 93.06 Å² 
· Indicates greater hydrogen bonding capability and aqueous solubility, favorable for oral bioavailability. 
4. Hydrogen Bond Donors/Acceptors: Rosocyanine has fewer H-bond donors but more acceptors than curcumin, improving binding versatility.
5. Rotatable Bonds: Curcumin is more flexible (8 bonds) compared to Rosocyanine (5), which is more rigid and stable—often beneficial in receptor binding. 

6. Dipole Moment: Rosocyanine has a higher polarity, enhancing its electrostatic interaction with charged amino acids in the binding pocket. 
7. Predicted pIC₅₀ 
· Rosocyanine: 6.3 vs. Curcumin: 5.7 
· Indicates higher predicted potency of Rosocyanine. 
· Rosocyanine demonstrates superior QSAR properties, particularly in terms of potency, stability, and binding potential. 
· The incorporation of boron improves the drug-likeness and predicted biological activity, making Rosocyanine a better lead compound than native Curcumin for drug design. 
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Figure 6: Graphical QSAR comparison between Curcumin and Rosocyanine.
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ABSTRACT 


Curcumin, the principal bioactive compound of Curcuma longa, is widely recognized for its diverse pharmacological activities, including anti-inflammatory, antioxidant, and anticancer effects. Despite its promising therapeutic profile, curcumin's poor aqueous solubility, rapid metabolism, and low systemic bioavailability hinder its clinical application. In response to these limitations, structural modification and complexation strategies have been employed to enhance its pharmaceutical potential. One such derivative, rosocyanine, a boron-curcumin complex, has emerged as a promising candidate due to its improved chemical stability and enhanced biological activity. This review presents a comprehensive exploration of the rational design, chemical synthesis, and biological screening of rosocyanine, with a focus on its relevance to pharmaceutical research and development. The synthesis pathways, reaction mechanisms, and physicochemical characterization are discussed in detail. By integrating insights from medicinal chemistry, pharmacokinetics, and pharmacodynamics, this review highlights rosocyanine as a valuable scaffold for future drug development within the pharmaceutical sciences. 
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