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Abstract 
Despite wide interest in nucleoside derivatives for treating viruses, cancer, and microbial infections, traditional synthesis 
methods rely on severe conditions, harmful solvents, yet pose environmental and health risks. Because of such drawbacks, 
recent efforts shift toward eco-friendly strategies - this work reviews possible green pathways using existing data, theoretical 
frameworks, still prioritizes low-impact, affordable techniques. Though challenges remain, safer alternatives emerge through 
careful reagent selection, energy-efficient processes, thus aligning chemistry with long-term ecological balance. 
Looking at how green chemistry shows up in making nucleosides, this work reviews choices like safer solvents, gentle 
reaction settings, lower power needs, while cutting down waste. Ways to alter molecular structure come into view alongside 
tools often seen in papers - Fourier Transform Infrared Spectroscopy (FT-IR), Nuclear Magnetic Resonance (¹H and ¹³C 
NMR), Mass Spectrometry - to help grasp how these modified nucleosides take shape and get checked. 
Looking at past work, greener ways to build nucleoside compounds might lead to useful treatments, especially against 
infections and cancer. Even though this report does not include lab tests or new experiments, earlier results show eco-friendly 
techniques could replace traditional ones while keeping strong medical value. What stands out is how these methods maintain 
effectiveness without relying on harsh chemicals. Some researchers found simpler routes using less energy still yield active 
molecules. One key point lies in reduced waste during production. Another advantage appears in safer byproducts. While 
full testing remains outside this scope, trends across papers support a shift toward sustainable design. Earlier data back the 
idea that gentle conditions do not weaken performance. Progress here ties closely to solvent choices and reaction efficiency. 
Still, outcomes depend heavily on molecular structure. Not every approach works equally well across cases. Yet overall 
patterns favor environmentally considerate pathways. 
This work underscores how eco-friendly methods in chemical creation matter greatly within medicine development. Green 
strategies for crafting nucleoside variations could guide upcoming paths in identifying new treatments - alongside 
testing them rigorously. The findings point toward long-term viability when sustainability shapes lab practices. 
 
Keywords: Green synthesis; Nucleoside derivatives; Green chemistry; Therapeutic potential; Sustainable synthesis; 
Medicinal chemistry. 

 
1. INTRODUCTION 
Nucleosides form the core components of DNA and RNA, 
acting as key units in life's molecular framework. Their 
presence enables cells to store and copy genetic data while 
supporting metabolic functions. Because they influence so 
many biological processes, scientists have explored both 
natural forms and lab-made versions extensively within 
drug development studies (De Clercq, 2009). 
Medicines built from synthetic nucleoside parts show strong 
results against viruses and tumors. Because they resemble 
real nucleosides, these molecules slip into cellular processes 
and block DNA or RNA production. When they halt 
enzymes like polymerase, the copying of genetic material 
slows down or stops. This interference limits how fast 
infected cells multiply - also affecting aggressive cancer 

growth. Examples like Sofosbuvir underline their role in 
modern treatment plans (Sofia et al., 2010). 
One reason nucleoside alterations draw attention is their 
potential to boost how drugs behave in living systems. 
Even small tweaks - say, to the base or sugar part - often 
shift how well a compound resists breakdown, hits its target, 
or enters cells. Because these shifts matter, chemists keep 
refining such structures in search of better treatments. 
Researchers now explore new versions more systematically, 
aiming for stronger effects without unwanted side 
interactions (Seley-Radtke & Yates, 2018). 
Starting with lab-made versions of nucleosides, hurdles 
appear early. Toxic liquids usually show up in older 
techniques, alongside harsh chemicals and intense heat. 
Energy demands climb when reactions run hot, while 
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dangerous byproducts pile up afterward. Safety risks grow 
under these circumstances, mirroring broader ecological 
issues. Sustainability in drug production falters unless 
methods change (Sheldon, 2017). 
Born from necessity, green chemistry offers a grounded 
shift away from conventional lab practices. Rather than 
relying on harsh methods, it builds around safer materials 
and smarter designs. With water replacing toxic liquids, or 
reactions unfolding at room temperature, change happens 
quietly but firmly. Efficiency gains come through lower 
power needs, less runoff, fewer hazards. Results speak in 
quieter emissions, cleaner outputs, useful molecules made 
without excess debris - progress measured in reduced harm 
(Sheldon, 2017). 
Despite successful applications of green chemistry across 
several fields of medicinal research, few investigations 
explore environmentally friendly methods for creating new 
nucleoside analogs alongside testing their biological 
activity. A number of published efforts concentrate only on 
synthetic routes, leaving out eco-conscious design. As a 
result, work combining sustainable techniques with 
meaningful medical potential remains sparse. 
A fresh look at how new nucleoside derivatives can be made 
opens with an emphasis on eco-friendly methods drawn 
from current theory and published work. Rather than relying 
on conventional routes, attention turns toward greener 
synthetic paths already documented across studies. Insights 
into molecular tweaks emerge alongside discussion of 
potential health applications tied to earlier findings. 
Sustainability becomes a lens through which past results 
are weighed - shaping what might come next in lab efforts 
targeting these compounds. Ideas take form slowly, guided 
less by assumption and more by what evidence has shown 
so far. 

2. REVIEW OF LITERATURE 
 
2.1 Why Nucleoside Derivatives Matter in Therapy 
Nucleoside derivatives stand out among treatments due to 
their role in cellular processes. Because they resemble 
natural nucleosides, these compounds get incorporated into 
pathways tied to genetic material production. When cells 
multiply rapidly - like in tumors or during virus spread - 
these molecules interfere. That disruption forms the basis 
for managing conditions involving unchecked genome 
duplication (De Clercq, 2009). 
One way to fight viruses involves using fake building blocks 
that disrupt copying processes inside infected cells. These 
imitations stop genetic strands from growing fully or cause 
errors during duplication. Treatments based on this 
approach work against diseases like HIV, liver infections, 
and certain skin blisters caused by pathogens. As some 
germs evolve defenses over time, researchers must design 
updated versions of these compounds to stay effective. 

(Seley-Radtke & Yates, 2018). 
Nucleoside-derived substances display notable promise for 
fighting cancers. Because they disrupt DNA formation in 
fast-growing cells, tumor expansion may decrease. Among 
current chemotherapy options, a number stem from 
modified nucleosides, revealing their role in medicine 
(Galmarini et al., 2001). 

2.2 Changing Parts of Nucleosides 
One way to boost how well nucleosides work as medicines 
is by altering their structure. In the sugar part, tweaks might 
change how easily they move through cell layers. 
Sometimes, adjustments happen at the base instead - those 
shifts may affect binding strength with enzymes. A different 
path involves shifting the link between sugar and base, 
which could slow breakdown in the body. Each of these 
changes carries consequences for stability and interaction. 
Evidence supporting this comes from Jordheim and 
colleagues in 2013. 
Sugar ring tweaks tend to boost resistance against 
breakdown while helping molecules enter cells more easily. 
Changes to the base part might strengthen attachment to 
specific enzymes, at the same time lowering harmful 
effects. Because such benefits persist, adjusted nucleosides 
remain central in crafting antiviral treatments (Seley-Radtke 
& Yates, 2018). 
Even with progress, making altered nucleosides through 
chemistry stays difficult. Because several reaction stages 
tend to be needed, extra steps like shielding and unshielding 
groups come into play. These add expense while also 
raising ecological impact. 

2.3 Standard synthetic methods and their constraints 
Starting with old-school techniques, making nucleoside 
variants usually leans on risky liquids and rough setups. 
Think chlorine-based fluids, aggressive acid types, 
extended high heat - routine stuff in these processes. Such 
approaches tend to waste a lot of material, piling up 
unwanted byproducts along the way (Sheldon, 2017). 
Facing environmental challenges, these methods worsen 
waste management while threatening people and natural 
systems. Because they demand high costs and face scaling 
barriers, industries find them hard to maintain responsibly 
over time. When considering broader impacts, doubt has 
started building about how well traditional synthesis can last 
in drug development. Over time, questions grow louder on 
whether standard lab techniques remain practical amid 
rising ecological pressures. 

2.4 Green Chemistry in Drug Making 
Introduced to lessen harm caused by industrial practices, 
green chemistry aims to cut down hazardous material usage 
while boosting how efficiently reactions proceed. Instead 
of relying on dangerous chemicals, it promotes choices that 
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are easier on nature and require less power. Waste drops 
when methods align with its guidelines, partly because 
solvents become more benign. Efficiency gains often 
follow design changes rooted in these ideas (Sheldon, 
2017). 
In pharmaceutical synthesis, green chemistry delivers 
measurable benefits. When sustainable techniques replace 
traditional ones, outcomes often match - sometimes even 
improve - in yield and purity. Reaction duration shortens 
now and then; less energy gets used along the way. 
Environmental impact drops noticeably under these 
conditions (Kümmerer, 2010). 
Green chemistry gains traction as rules tighten around 
pollution and long-term resource use (Poliakoff et al., 
2002). With pressure rising, companies in medicine-making 
shift toward cleaner methods. Though change moves 
slowly, new approaches quietly replace old habits. Driven 
by policy more than preference, these shifts reflect a broader 
trend across labs and factories alike. 

2.5 Green synthesis methods for nucleoside derivatives 
Work on greener ways to modify nucleosides has drawn 
interest across multiple studies. Among these approaches 
are reactions in water or solvents derived from biomass, 
processes powered by microwaves, alongside those needing 
no solvent at all. With roots in findings reported by Varma 
in 2014, they target lower ecological impact without 
sacrificing how well chemicals transform. Efficiency stays 
central even as sustainability improves. 
Yet most published work centers on refining reactions and 
boosting output. Little attention goes to testing the 
biological activity of new molecules. Besides, certain eco-
friendly approaches depend on costly catalysts or intricate 
cleanup stages. 
Clearly, a gap exists in creating straightforward, eco-
friendly methods that align with biological systems when 
synthesizing new nucleoside variants. 

2.6 What We Don’t Know and Why This Study Matters 
Clearly, nucleoside derivatives stand out in therapy-related 
research, while attention shifts toward greener chemical 
methods. Still, few reports manage to combine eco-friendly 
synthesis with testing biological effects. Some papers 
emphasize making compounds but skip environmental 
impact. Others include sustainable approaches yet miss 
activity analysis altogether. 
Beginning with available research, this work explores eco-
conscious methods for creating new nucleoside compounds 
through conceptual analysis. Rather than relying on lab 
data, it draws from documented green chemistry techniques 
to assess potential medical value. Insights emerge when 
prior biological results are reviewed alongside synthetic 
efficiency. Sustainability gains clarity as one examines how 
these pathways align with long-term pharmaceutical goals. 

Future studies may build on this base to test such methods 
under real conditions. 

3. RESEARCH METHODOLOGY 
 
3.1 Nature of the Study 

 
This work draws entirely on existing ideas, built without 
new experiments or data collection. Ideas come together 
here through review, not firsthand testing. Failing any lab 
work or trials on living organisms took place. 
A fresh look at published studies forms the core of this 
work, focusing on how nucleoside compounds are made 
using eco-friendly methods. Work already done in labs 
guides the exploration into possible medical uses. Instead 
of traditional chemistry routes, natural processes take 
center stage here. Insights emerge by comparing results 
across multiple experiments. Attention shifts toward 
sustainability when examining drug development paths. 
Earlier findings help shape current understanding of these 
molecules. Reviewing papers becomes a way to spot 
patterns in outcomes. Emphasis rests on cleaner techniques 
that reduce harm. Each source adds context to how 
treatments might evolve. Understanding builds through 
careful comparison of data. 
A fresh look at documented green chemistry methods opens 
the discussion, followed by suggestions for eco-friendly 
routes to create new nucleoside compounds. Insights into 
possible medical uses emerge through analysis of earlier 
biological findings, tied closely to patterns in molecular 
behavior drawn from existing studies. 

3.2 Sources of Data and Literature Selection 
 
From sources like ScienceDirect, SpringerLink, Wiley 
Online Library, PubMed, and Google Scholar came together 
studies meeting strict quality standards. Journal articles 
assessed had undergone peer review, alongside reviews 
already established in trusted publications. Books included 
were those issued through well-known academic channels. 
What counted most was credibility tied to global 
recognition in research circles.  
 
Attention focused first on: 

 
 Articles related to nucleoside derivatives 
 Studies on green or sustainable chemical synthesis 
 Publications reporting therapeutic or biological 

relevance 
 Papers with clear methodology and verifiable DOIs 

 
Papers appearing solely in recognized journals made the cut 
- trustworthiness mattered. Academic legitimacy shaped 
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what stayed. 

3.3 Selecting Works for Literary Review 
 
Not every piece of writing made it into the review - only 
those meeting clear conditions. A study appeared here when 
it matched each required point 

 Discussed green or environmentally friendly 
synthetic approaches 

 Focusing primarily on substances resembling 
nucleosides or their structural analogs 

 Therapeutic potential has been noted, including 
effects against viruses, cancer cells, or microbes 

 Provided clear mechanistic or sustainability 
discussions 

 
Failing to meet standards for peer evaluation, clear methods, 
or meaningful contribution meant exclusion from the study. 
Some works simply did not offer enough transparency about 
how results were reached - these played no part in the 
findings. Others lacked verification by independent experts; 
their inclusion was never considered. When research does 
not connect to broader knowledge, it falls outside the scope 
of serious synthesis. 

3.4 Framework for Green Synthesis Concepts 

 
A fresh look at existing studies led to a new way of thinking 
about making nucleoside compounds in an eco-friendly 
manner. What stands out is how each step connects to 
sustainability - not just one after another, but woven 
together through careful design. Ideas were pulled from 
different sources, then shaped into something workable 
without losing scientific value. The result focuses less on 
speed, more on long-term sense - how materials are chosen, 
reused, or discarded matters deeply here. Instead of listing 
rules, it offers a mindset shift toward greener chemistry 
practices 

 Favoring water or alcohols cuts environmental harm 
during chemical processes 

 Energy use drops when reactions happen under 
gentle settings 

 Reduction or elimination of toxic reagents 
 Simplification of reaction steps to minimize 

chemical waste 
 
A different path begins here - not through data, yet guided 
by design. This method skips trials, instead laying 
groundwork for later testing in controlled settings. One step 
forward: clarity without proof. What follows could take 
shape in lab work ahead. 

 
Figure 1: Conceptual framework for green synthesis of nucleoside derivatives with therapeutic potential 
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The overall conceptual design of the present study is 
illustrated in Figure 1, highlighting the integration of green 
chemistry principles with literature-based evaluation. 

3.5 Analytical Approach 
A close reading of the chosen texts formed the basis for 
analysis. Where one approach emphasized green 
chemistry principles, another prioritized low toxicity. 
Structure–activity relationships guided the conversation 
about medicinal value. Instead of focusing solely on yield, 
attention shifted toward environmental impact. Because 
patterns emerged across studies, certain molecular traits 
linked consistently to enhanced bioactivity. 
Focus shifted toward grasping patterns, constraints, 
followed by potential paths in green nucleoside chemistry 
instead of measuring numbers against one another. 

3.6 Ethical Considerations 
This work follows established standards in scholarly 
conduct. Not a single piece of raw information was 
produced or altered during analysis. Conclusions emerge 
entirely from previously released studies, each referenced 
clearly. Credit appears where due, ensuring 
misrepresentation does not occur. 

3.7 Scope and Limits of the Approach 
One key advantage emerges through its commitment to 
sustainability and ethics. Still, without experimental 
testing, confidence remains limited. Future lab work 
becomes essential when aiming to confirm both the green 
methods suggested and their medical potential. 

Though limited in scope, the approach lays groundwork 
useful for upcoming lab studies on eco-friendly 
pharmaceuticals. A theory-based starting point emerges 
here, one that guides what comes next in sustainable drug 
design. Not perfect - yet it holds value moving forward. 

4. ANALYSIS AND DISCUSSION 
4.1 Green Methods for Making Nucleosides 
Green chemistry now plays a bigger role in making 
nucleosides, studies show. Heavy use of harmful solvents 
marks older techniques. Yet newer strategies prioritize 
lower harm to ecosystems without losing effectiveness. 
Success has come from using safe liquids like water or 
ethanol during changes to nucleosides (Sheldon, 2017; 
Narayan et al., 2005). 
Mild reaction setups appear across multiple investigations, 
where less heat plus briefer durations cut down power 
needs. Instead of high heat, scientists increasingly choose 
gentle methods - these lower risks in labs while shrinking 
byproducts. Safer processes like these fit naturally within 
greener drug development aims (Sheldon, 2017). 
Starting with simpler reactions, researchers extended 
green chemistry practices toward intricate heterocyclic 
frameworks. Even compounds as elaborate as nucleosides 
now see eco-conscious synthetic routes applied 
successfully. Looking at standard methods beside newer 
sustainable techniques reveals key contrasts detailed in 
Table 1. While older protocols relied on harsh conditions, 
modern alternatives prioritize reduced environmental 
impact without sacrificing efficiency. 

Table 1: Comparison of conventional and green synthesis approaches reported for nucleoside derivatives 

Table 1 compares conventional and green synthetic approaches for nucleoside derivatives based on sustainability and 
environmental impact, as reported in the literature. 

 
Parameter Conventional Synthetic Approaches Green Synthetic Approaches 
Type of solvents Toxic organic solvents Eco-friendly solvents 
Reaction conditions High temperature, harsh Mild temperature 
Energy consumption High Reduced 
Waste generation Large chemical waste Minimal waste 
Environmental 
impact 

High Low 

Sustainability Limited High 

 
4.2 Structural Design of Novel Nucleoside Derivatives 
Most work in nucleoside chemistry focuses on altering 
structure. Evidence suggests minimal structural shifts may 
shift how compounds behave biologically. When the 
sugar part gets adjusted, molecules tend to last longer 
inside cells while entering more easily. Tweaking the base 
component sometimes strengthens interactions with target 
sites (Jordheim et al., 2013). 

Often, creating fresh nucleoside variants means adjusting 
where groups attach - rather than building from scratch. 
Some researchers point out that shifting substituents 
slightly may boost effectiveness significantly. Rational 
tweaks, not total reinvention, underpin this kind of 
innovation (Seley-Radtke & Yates, 2018). 
Built with fewer parts, molecules can cut down on 
complex processes. Because of this, steps like shielding 
and unshielding groups become less common. As a result, 
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solvents move out of the picture faster. Waste shrinks 
when reactions stay lean. 

4.3 Studies Suggest Possible Therapeutic Uses 
Though known for decades, nucleoside-based treatments 
remain central in medicine. Several modified versions 
work against viruses or cancer cells. These compounds 
often block DNA production or disrupt key enzymes (De 
Clercq, 2009). 
One reason some nucleoside variants work better lies in 
their altered sugar parts, which tend to target diseased cells 
more precisely. Healthy cells experience less damage 
because of this shift in targeting behavior. Another pattern 
appears when the base part changes instead - activity 
against viruses increases, as seen across multiple tests. 
Evidence supporting stronger effects comes from research 
published by Galmarini and team in 2001. 
Looking at this work, therapy-related possibilities come 
up through the results already shared. Though biology 
tests did not take place here, molecular traits described in 
eco-friendly creation methods match those seen in active 
substances. 

4.4 Sustainability Meets Everyday Use 
Green chemistry plays an essential role in today’s 
pharmaceutical research. Evidence shows 
environmentally friendly techniques often outperform 
traditional ones. Reduced need for solvents, cheaper 
production processes, along with improved safety emerge 
as main benefits (Kümmerer, 2010). 
Green chemistry is seeing wider use in drug 
manufacturing, driven by rules and ecological concerns. 
As seen here, new eco-friendly methods fit well within 
current industry movements. These approaches provide 
workable models ready for later lab testing.What stands 
out is how sustainability fits naturally within effective 
therapy design. Often, eco-friendly approaches lead to 
substances performing just as well - or even better - 
biologically. Though seen across multiple studies, this 
trend doesn’t demand trade-offs in treatment value. 

4.5 Critical Evaluation and Research Gap 
Still, despite clear advances, gaps remain visible across 
published work. A number of analyses emphasize eco-
friendly preparation methods while skipping deeper 
exploration of medical impact. Some highlight health-
related effects yet leave ecological trade-offs unexamined. 
This split draws attention to an obvious missing piece in 
current work. While most efforts stay apart, few try 
merging eco-friendly creation methods with tests of 
medical effect. Here, the aim takes shape differently - by 
connecting responsible making practices to already 
observed health impacts, even if only in theory. 
Looking ahead, testing these ideas in lab settings could 

bridge green chemistry with real medical outcomes. Work 
along those lines might show how sustainable methods 
support stronger health benefits. 

5. Conclusion And Future Scope 
5.1 Conclusion 
Despite its promise, conventional synthesis of nucleoside 
derivatives frequently raises ecological and health 
concerns. These compounds continue to play a central role 
in drug development, especially for treating viral 
infections, cancer, and microbial diseases. What stands 
out in current research is how green chemistry offers safer 
pathways for building such therapeutics. 
One key finding from recent analysis shows green 
synthesis can replace traditional techniques without losing 
effectiveness. Through the adoption of benign solvents, 
gentle reactions have proven useful for altering 
nucleosides. Evidence across multiple studies points to 
lower ecological harm alongside strong performance in 
molecular design. Instead of harsh chemicals, milder 
processes help preserve core structures while cutting down 
byproducts. 
Despite lacking lab testing here, earlier results back the 
value of eco-friendly synthesis for nucleoside-based 
agents. Promising medical possibilities emerge when 
molecular architecture is thoughtfully planned. 
Sustainability gains weight in pharmaceutical innovation 
through such approaches. Strong biological signals appear 
even without new experiments conducted now. 
 
This study introduces a clear structure connecting green 
chemistry to the design of nucleoside drugs. Through its 
approach, it adds to current understanding in sustainable 
medicine creation. By doing so, progress in eco-conscious 
methods gains stronger footing within pharmaceutical 
science. 

5.2 Future Scope 
One path forward lies in testing the green synthesis 
methods suggested here. Next comes checking how well 
those reactions work when tried in real lab settings. Efforts 
could shift toward measuring output levels while keeping 
eco-friendly setups steady. What follows may depend on 
whether results repeat reliably across trials. 
Looking ahead, work could explore thorough lab testing 
of freshly made nucleoside compounds. Beyond initial 
synthesis, experiments in cells and living organisms might 
confirm how well they fight viruses, cancer, or microbes. 
Instead of stopping at early results, scientists might 
examine how molecular shape affects function - tweaking 
structures to boost medical potential. A close look at 
patterns between chemical features and biological effects 
may guide smarter drug development. 
Finding new ways to test results through computer models 
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- like simulating how molecules bind or forecasting 
harmful effects - could strengthen lab work. Moving eco-
friendly synthesis methods toward large-scale production 
remains an open path worth exploring. 
Ultimately, merging green chemistry into nucleoside-
based drug development opens doors to more sustainable 
medicine creation. Progress in this area should support 
better health outcomes while reducing ecological harm 
over time. 
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