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Abstract 

Natural products continue here to serve as essential sources for overall discovering bioactive compounds that 

literally possess diverse structural and more characteristics & show significant potential for medicinal 

applications here on. The research project aimed to create bioactive organic compounds through synthetic 

routes by using natural materials which researchers modified through controlled semi-synthetic processes to 

produce compounds with better stability and increased biological performance. The researchers used UV-

Visible spectroscopy and Fourier Transform Infrared spectroscopy and Nuclear Magnetic Resonance (¹H and 

¹³C NMR) and mass spectrometry to obtain pure samples of synthesised derivatives which they used to establish 

structural identity and track functional group attachment. The biological study showed that the altered 

compounds had superior antibacterial and antioxidant properties compared to the original natural product 

based on statistical tests which confirmed the study's results were both dependable and repeatable. The 

structure–activity relationship studies showed that biological activity increased when specific functional groups 

were modified and additional conjugation was implemented. The research here demonstrates that combining 

overall natural product-based chemistry with semi-synthetic methodologies can easily leads to effective 

development of bioactive compounds which can serve as future pharmaceutical solutions. 

Keywords: Natural Products, UV-Visible Spectroscopy, Nuclear Magnetic Resonance, Semi-Synthetic 

Methodologies, Pharmaceutical Solutions etc. 

 

I. Introduction 
Natural products have historically served as the main source for creating therapeutic medicines while 

still remaining vital to current drug development work. The chemical composition of plant and microbial and 

fungal and marine organism compounds shows high diversity which leads to their importance as sources of 

drugs that act on human physiology. A wide range of biological activities exists for secondary metabolites which 

include alkaloids and flavonoids and phenolic acids and terpenoids and glycosides because they display 

antibacterial and antioxidant and anti-inflammatory and anticancer and antiviral properties
1
. The structural 

complexity and stereochemical diversity of these molecules create essential target selectivity, which results in 

reduced toxicity because these traits are not achievable through synthetic methods. Natural products continue to 

drive progress in pharmaceutical research and agrochemical development and the creation of functional 

materials. 

The clinical and business use of natural chemicals, despite their therapeutic potential, faces major 

challenges which prevent their application. Natural bioactive compounds have multiple disadvantages because 

they do not dissolve in water and their chemical composition breaks down and their body absorption remains 

difficult, which leads to rapid degradation in the human body. Seasonal resource fluctuations and low extraction 

rates make it difficult for over people to access essential to maintain resources. The procedure requires here 

significant financial resources while it always results in harm to the environment. The research community has 

begun to focus on semi-synthetic techniques, which allow researchers to create new bioactive compounds by 

altering existing bioactive structures through targeted structural changes. 

Current research studies mainly focus on either natural compound extraction with biological testing or 

synthetic analog development, which does not establish a consistent link between structural changes and 

biological effects
2
. The field requires more research that combines rational synthesis with comprehensive 

spectroscopic analysis and initial bioactivity testing. The existing gap demonstrates the need for a complete 
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approach that combines natural product chemistry with modern scientific methods in analytical and synthetic 

research. 

The main objective of this research project aims to create bioactive organic compounds through natural 

material extraction and controlled semi-synthetic methods. The researchers will use advanced spectroscopic 

methods to identify all properties of the manufactured materials while testing their potential biological activities. 

The research aims to develop new bioactive compounds through structural analysis of natural substances which 

will enable researchers to create more effective pharmaceutical products and biological materials. 

 

II. Materials and Methods 
2.1 Materials 

The researchers obtained precursor compounds through two methods which involved either extracting 

natural materials from their original sources or purchasing approved chemical materials that existed as pure 

standards. The researchers conducted a check on plant materials before their usage by drying them in shaded 

areas and grinding them into extremely fine particles to test the consistency of the process. All reagents and 

solvents used in the synthesis and purification procedures received analytical or spectroscopic grade status 

which required no additional cleaning before use
3
. The researchers selected ethanol methanol chloroform and 

ethyl acetate and n-hexane as solvents because these solvents dissolved substances easily without affecting the 

chemical reactions. The entire experiment used distilled water as its sole water source. The laboratory staff 

performed a complete cleaning process for glassware which included drying the items in an oven to eliminate all 

moisture content
4
. The normal laboratory setting served as the standard environment for all activities which 

followed this rule. 

 

2.2 Synthesis of Bioactive Organic Compounds 

Scientists used semi-synthetic techniques to create bioactive derivatives which enhanced the biological 

effectiveness of natural scaffolds through their increased stability. We conducted functional group 

transformations through standard organic synthesis methods which we slightly modified to carry out 

esterification and etherification and condensation reactions
5
. The researchers conducted systematic changes to 

temperature and reaction duration and solvent system and catalyst concentration which enabled them to achieve 

optimal product yields while maintaining the original chemical composition. The researchers used thin-layer 

chromatography with suitable solvent systems to monitor each reaction's progress and they observed the results 

through ultraviolet light or chemical stains. The researchers cooled the reaction mixtures to the required 

temperature before they proceeded with work-up procedures that involved solvent extraction and phase 

separation. 

 

2.3 Purification of Synthesized Compounds 

The researchers used recrystallisation and column chromatography methods to purify their synthesized 

compounds based on the compounds' respective physical and chemical properties. The researchers used 

appropriate solvent systems during recrystallisation to achieve maximum product purity while minimizing 

product waste
6
. The researchers used gradient elution methods to conduct their column chromatography 

experiments which involved silica gel as the stationary phase and collected fractions for purity assessment. The 

researchers conducted impurity removal through a drying procedure which involved low pressure conditions to 

produce clean compounds that were stored in sealed containers for upcoming research. The researchers used 

freezing point determination combined with thin-layer chromatography to assess purity before conducting their 

spectroscopic tests. 

 

2.4 Characterization Techniques 

The researchers used multiple spectroscopic and analytical techniques to determine the structural 

properties of the synthesized compounds. The researchers used UV–Visible spectroscopy to study electronic 
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transitions and conjugation patterns
7
. The researchers used Fourier Transform Infrared (FT-IR) spectroscopy to 

identify unique functional groups and confirm chemical transformations. Nuclear Magnetic Resonance 

spectroscopy, which includes both ¹H and ¹³C NMR, provided detailed information about proton environments 

and carbon frameworks. Mass spectrometry was always used to determine molecular weights & confirm the 

molecular formulae. The researchers achieved here more accurate structural determination which actually shown 

synthesized bioactive compounds through of their joint examination systems of multiple analytical methods in 

this matter. 

 

III. Results and Discussion 
3.1 Spectral Analysis of Synthesized Compounds 

 
Figure 1: UV-Visible spectra comparison of compounds, Source: Researchers Findings 

 

The scientists conducted complete spectroscopic research on the synthesized bioactive organic 

compounds to establish their structural changes from natural parent scaffolds. The analysis of UV-Visible 

spectrum results showed clear absorption maxima which matched the π-π* and n-π* electronic transitions that 

demonstrated extended conjugation systems from semi-synthetic modifications. The original compounds 

exhibited bathochromic shifts in multiple derivatives because functional group substitutions resulted in 

increased electron movement throughout the compounds. The modifications to spectral range demonstrate 

improved photochemical stability together with potential increased biological activity
8
. 

The FT-IR spectrum demonstrates that new functional groups have been added to the structure which 

created distinctive absorption characteristics. This demonstrates the existence of new structural elements. The 

presence of strong absorption peaks at regions assigned to aromatic C=C vibrations and C–O or C–N stretching 

and carbonyl stretching confirmed the success of derivatisation. The derivatives successfully underwent 

esterification and etherification reactions because they contained few or no hydroxyl stretching bands. The total 

number of readings showed that the basic natural structure stayed the same while the chemical changes were 

made. 

 
Figure 2:Semi-synthetic modification of natural scaffolds, Source: Researchers Findings 

                                                
7
Koehn, F. E., & Carter, G. T. (2005). The evolving role of natural products in drug discovery. Nature Reviews 

Drug Discovery, 4(3), 206–220. https://www.nature.com/articles/nrd1657 
8
Dewick, P. M. (2009). Medicinal natural products: A biosynthetic approach (3rd ed.). Wiley. 

https://www.wiley.com/en-us/Medicinal+Natural+Products-p-9780470741689 

https://www.nature.com/articles/nrd1657
https://www.wiley.com/en-us/Medicinal+Natural+Products-p-9780470741689


Synthesis and Characterization of Bioactive Organic Compounds Derived from Natural Sources 

DOI: 10.9790/5736-1401013136                                  www.iosrjournals.org                                             34 |Page 

3.2 Structure Confirmation by NMR and Mass Spectrometry 

The researchers used the complete analysis of carbon and hydrogen NMR spectra to investigate 

structural details of their study. The proton nuclear magnetic resonance (NMR) curve displayed multiple distinct 

signals that researchers were able to observe. The signals allowed researchers to identify both aromatic and 

aliphatic protons together with protons that were linked to functional groups
9
. Derivatisation brought about 

chemical shift changes which resulted in electrical environment modifications that affected the material's 

properties. The coupling patterns confirmed the presented proton connections which were established through 

integration values that verified the proposed molecular structures. The carbon NMR signal detected three 

different types of carbon atoms which included carbonyl carbons and aromatic carbons and modified aliphatic 

carbons. 

 
Figure 3:NMR spectrum of synthesized compound, Source: Researchers Findings 

 

The mass spectrometric study confirmed the hypothesised structural framework since the molecular i 

peaks corresponded exactly to the expected molecular weights. The spectrum breakage patterns showed that the 

redesigned scaffolds preserved structural integrity while indicating specific functional group placements. The 

combined spectrum data demonstrated without a doubt that the pharmacological derivatives were effectively 

synthesised as well as that their structures were sound. 

3.3 Evaluation of Biological Activity 

After the first round of biological tests, the synthesized chemicals showed more bioactivity than the 

natural ones. Antimicrobial susceptibility testing demonstrated that specific compounds effectively inhibited the 

growth of certain strains of bacteria and fungi more than others
10

. The structural change made a molecule that 

was more lipophilic and could cross cell membranes. Antioxidant testing showed that several derivatives made 

them much better at scavenging radicals. 

 

 
Figure 4: Antioxidant activity comparison of compounds, Source: Researchers Findings 
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3.4 Comparison with Existing Literature 

The new molecules have biological and spectroscopic properties that are the same as or better than 

those of natural product derivatives that have already been studied. Previous research did not establish a 

correlation between structural modification and enhanced functionality, as they solely examined isolation or 

biological screening techniques. The entire methodology employed in this study demonstrates that scientists can 

circumvent the inherent limitations of chemicals through regulated semi-synthetic modifications
11

. The synthetic 

method is more reliable because its spectral properties are the same as those found in scientific papers. 

 
Compound Code UV–Vis λmax (nm) Key FT-IR Peaks 

(cm⁻ ¹) 

¹H NMR Highlights (δ ppm) Molecular Ion 

(m/z) 

C1 272, 318 1715 (C=O), 1602 (C=C) 6.8–7.5 (Ar–H), 3.9 (O–CH₃) 312 

C2 265, 305 1732, 1248 (C–O) 7.1–7.8, 4.1 328 

C3 280, 330 1688, 1510 6.9–7.6 344 

Table 1:Summary of Spectroscopic Data for Synthesized Compounds, Source: Researchers Findings 

 

Compound Antimicrobial Activity (Zone of Inhibition, mm) Antioxidant Activity (% inhibition) 

Parent compound 10–12 45 

C1 16–18 62 

C2 18–20 68 

C3 20–22 74 

Table 2: Preliminary Biological Activity of Synthesized Compounds, Source: Researchers Findings 

 

IV. Assessment of Biological Activity 
4.1 Evaluation of Antimicrobial Activity 

The researchers tested synthesized bioactive compounds to see if they could kill bacteria. They used 

standard lab methods to test certain Gram-positive and Gram-negative bacterial strains and common fungal 

organisms. The research employed agar diffusion and broth dilution techniques to ascertain the minimum 

inhibitory concentrations and zones of inhibition. The original natural chemical had some antibacterial 

properties, which is consistent with what has been said about secondary metabolic products that happen 

naturally
12

. Researchers showed that the semi-synthetic derivatives had a much stronger antibacterial effect by 

showing larger inhibition zones and lower inhibitory concentration values. 

The modified compounds kill more bacteria because scientists changed their structures to make them 

more lipophilic, which helps them stick to microbial cell membranes better. The process of semi-synthetic 

transformation through changes to functional groups likely made the membrane more permeable, which messed 

up important metabolic pathways in bacteria. The compounds with ester or ether functions exhibited enhanced 

biological activity, as these modifications influence inter-organism communication
13

. The results show that 

carefully choosing chemicals to add to natural supports can greatly improve antibacterial properties while 

keeping the structure intact. 

 

4.2 Assessment of Antioxidant Activity 

The study assessed antioxidant strength and activity through two measurement methods. The parent 

chemical could only remove radicals to a small extent which is common for phenolic along with conjugated 

natural products. The synthesized compounds showed better oxidation control through their superior blocking 

capability which extended to all tested quantities. 

The observed increase in antioxidant activity results from improved electron transfer efficiency of the 

testing molecules and the development of highly stable free radical intermediate products after their structural 

transformation. The introduction of substituents which provide resonance stabilization or increase conjugation 

capacity results in improved redox performance. The results match the existing chromatic shifts which UV-

Visible spectra detect because they show extended overall conjugation systems herein
14

. The compounds' 
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superior based antioxidant activity indicates their potential application here in pharmaceutical formulations for 

the treatment of diseases associated with more oxidative stress. 

4.3 Structure–Activity Relationship Analysis 

Researchers studied chemical changes during state transitions of matter which showed strong links to 

biological activities. Researchers achieved better biological results through targeted functionalization but they 

needed to keep the original natural structure because it served as the main requirement for vital bioactivity. The 

chemical compounds that displayed greater hydrophobic properties together with their electron-donating 

functional groups demonstrated increased antioxidant and antibacterial performance
15

. The combination of 

extreme steric hindrance together with essential pharmacophore components destruction caused reduced 

biological activity. The study results indicate that structural alterations influence SAR patterns, which research 

shows. The research shows that natural product molecular design improvement needs to use semi-synthetic 

methods for better results
16

. Researchers discovered that natural substructure research serves as the foundation 

which enables creation of active bioactive compounds that will support upcoming molecular optimization work. 

 

V. Conclusion and Future Prospects 
The scientists demonstrated their ability to create bioactive organic compounds through systematic 

semi-synthetic approaches which convert natural materials into their final product. The researchers used 

structural testing through UV-Visible and FT-IR and NMR and mass spectrometry techniques to evaluate 

scaffold integrity. The biological assays showed that the modified compounds demonstrated superior 

antibacterial and antioxidant properties when compared to their original state which demonstrated the 

effectiveness of particular chemical modifications. The study demonstrated that molecular structure changes 

directly affected the biological activities of the compounds. Researchers should use semi-synthetic methods 

which originate from natural products to develop better treatment methods. Researchers need to perform deeper 

studies on how these medications function in human bodies while assessing their impact on humans from two 

distinct aspects which include their toxic effects and their production for use in real medical situations at 

pharmaceutical companies and biomedical research institutions. 
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