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From the Desk of the Editoin-Chief

It gives me immense pleasure to present this special conference issué&lewtihan International

Journal of Multidisciplinary Studies (NMIJMS)ublished on the occasion of tB@me Day National
Conference on Recent Trends in Heterocyclic Compounds (ROBE&) organized by the Department

of Chemistry, Arts, Commerce and Science College, Gangakhed, on Saturday, 17th January 2026. The
conference, generously supported by the Pradhan Mantri Uchchatar Shiksha Abhiyal$ KAy

reflects a significant academatfort to promote research, innovation, and interdisciplinary dialogue

in the field of chemical sciences.

Heterocyclic compounds continue to occupy a central position in modern chemistry due to their wide
ranging applications in pharmaceuticals, agrochemicals, materials science, and biological systems. The
present volume stands as a testimony to the dynandi@aolving nature of this domain, bringing
together contributions from researchers, academicians, and scholars across diverse specializations.

This conference issue includes a rich collection of research papers and review articles that highlight
emerging trends in heterocyclic chemistry and its allied areas. The contributions reflect a strong
emphasis ongreen chemistry approachemcluding ecefriendly synthesis, microwavassisted
techniques, solveritee reactions, and the use of sustainable catalysts. Studies such as-enzyme
catalyzed synthesis, green solvent utilization, and biosynthetic nanoparticle development demonstrate
agrowing commitment to environmentally responsible scientific practices.

A notable feature of this volume is the integratiomufitidisciplinary perspective#\longside core
heterocyclic chemistry research, the issue includes papers addressing environmental challenges, sucl
as water quality assessment, soil pollution, climate change impacts, and phytoremediation strategies.
These contributions underline the eobf chemistry in addressing pressing global concerns and
promoting sustainable development.

The issue also reflects advancementsniedicinal and biological chemistryvith several studies
focusing on antimicrobial activities, drug design, bioactive compounds, and therapeutic applications
of heterocyclic frameworks. Research on benzodiazepines, quinolines, tetrazoles, and sulfur
containing heterocycles highlights thetential of these compounds in modern medicifike
incorporation ofartificial intelligence and computational approacireshemical research marks a
progressive shift in methodology. Papers exploring Al in drug delivery, water quality analysis, and
chemical system modeling indicate the transformative impact of digital technologies in scientific
research.

The diversity of topics presented in this voldneom synthetic methodologies and catalytic
transformations to environmental studies and agricultural chedisteynonstrates the true spirit of

multidisciplinary research. The contributions not only enriehabademic discourse but also provide
valuable insights for future investigations.

We extend our sincere gratitude to all the authors for their scholarly contributions and to the reviewers
for their critical evaluation and valuable suggestions. We also acknowledge the dedicated efforts of
the organizing committee, convenors, and cootdisawhose commitment ensured the successful
conduct of the conference and the timely publication of this issue.

Vol. 13| Issue 1| January2026 4 www.newmanpublication.com



New Man International Journal of Multidisciplinary Studies (NMIIMS) ISSN: 2348-1390

In particular, we express our appreciationCioief Organizer Dr. B. M. Dhoot, Principal of the
institution, for his visionary leadership, andissueEditor Dr. Sachin U. Kalmédor his meticulous
editorial work. We also acknowledge the contributions of theUPHA Coordinator Dr. Sanjivkumar

V. Kshirsagar, Organising Secretary Mr. Ramkishan P. Giram, Convenor Prof. Dr. Suresh D. Dhage,
and the entire organizing team.

This conference volume, comprising a wide spectrum of 70 reseamtibutionsstands as a valuable
academic resource for researchers, students, and practitioners. We hope that the ideas, findings, an
innovations presented herein will inspire further research and contribute meaningfully to the
advancement of chemical sciencé#e believe that initiatives like RTHZ026 play a vital role in
fostering scientific temperament, encouraging collaboration, and addressing contemporary challenges
through research and innovation.

Dr. Klayan Gangarde
Editor -in- Chief,
NMIIJMS
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EnzymeCatalyzed OnePot Synthesis of Imidazole Derivatives in Water: A
Green Multicomponent Approach
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Abhijeet S. Patki*
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Abstract:

An environmentally and efficient biocatalytic method has been developed for the synthesis of imidazole
derivatives via a onpot, three component condensation of benzil, aromatic aldehydes, and ammonium acetate. The
reaction employs -chymotrypisn in water under mild conditions, offering operational simplicity, high selectivity, and
compatibility with abroad range of aromatic aldehydes. The protocol provides a sustainable alternative to conventional
methods by avoiding harsh chemicafed organic solvents, while allowing easy recovery of the biocatalyst. The resulting
imidazole derivatives were confirmed by IR, NM&)d masspectrometry demonstrating a practical approach for the
synthesis of structurally diverse heterocycles.

Keywords: -l mi daz ol e -Clymatrypsirt, Biecatalysis, Okeot synthesis, Multicomponent reaction, Green
chemistry.

Introduction : based drugs have gained increasing importance in clinical

Imidazolecontaining frameworks are widely found in therapeutics. Compounds contaig\ithe imidazole spaffold
natural products and medicinally important molecules [1]1ave demonstrated notable anticancer [16], anticoagulant
In particular, polysubstituted imidazoles have drawnll?]; and antimicrobial activities [18], which has
significant interest owing to their broad spectrum ofStimulated contlnue;d interest among medicinal chemists
chemical reactivity and biological refence. These toward the design and development of novel
compounds frequently serve as core scaffolds in a varief§i€motherapeutic agents.
of synthetic molecules [2]. A variety of synthetic strategies have been explored for
| the preparation of imidazole derivatives, including solvent
pssisted  protocols and transitioretatcatalyzed
approaches [19]. Despite their utility, many of these

Multicomponent reactions (MCRs) are powerfu
strategies in combinatorial chemistry, enabling the efficien

and atorreconomical construction of complex molecular i '
frameworks through the oot combination of three or reported methods are associatedhwibtable drawbacks

more reactants. Such reactions allowidageneration of ~SUCh as prolonged reaction times, the requirement for large
structural diversity while minimizing synthetic steps. duantities of organic solvents, low product yields, and
Furthermore, MCRs are operationally simple and offefnarsh refluxing conditions. Consequently, the design and

higher synthetic efficiency when compared to conventionafi€velopment —of  straightforward,  efficient, ~and
multistep reaction protocols [3]. environmentally benign synthetic methodologies for

] o ) ) imidazole derivatives remain an important objective in
Imidazole derivatives constitute an important a”dmodern organic synthesis.

versatile class of heterocyclic compounds owing to their , A .
broad spectrum of pharmacological and biological DPesPite the availability of numerous synthetic
activities [4]. A wide range of imidazoleased molecules strategies for imidazole construction, relatively fevy studies
have been reported to exhibit analgesid, [Bnti haye focused on the preparation of l,ZIeﬁasubstltuted_
inflammatory [6], antibacterial [7], antitumor [8], and anti IMidazoles. These compounds are generally synthesized
allergic properties [9]. Notably, several 2 4¢Bubstituted ~ Via@ @ fourcomponent condensatioaf aldehydes, 12
imidazoles have found applications as fungicides andikétones, amines, and ammonium acetate. Various
herbicides, as well as plant growth regulators [10]. Inctalytic systems have been employed to facilitate this
addition, the rnidazole nucleus represents a keytransformation, including HY zeolite [20], silica
pharmacophoric motif in medicinal chemistry, functioning 96/NaHSQ [21], molecular iodine [22], potassium
as an effective inhibitor of biologically significant targets dodecatungstocobaltate trihydzat(KsCoW;2Os0-3Hz0)

such as p38 MAP kinase [11],-Raf kinase [12], [23]. heteropolyacids [24], HCIESIO, [25], InCls-3H0
transforming growth facteb 1 (-FGF type |2 %]C’i &N g Lewis ai6iDdAICkasdt e ms
receptorlike kinase (ALK5) [13], cyclooxygenase MgClz [27]. ngr the years,_a_ddltlonal met_hods have been
(COX-2) [14], and interleukifl (IL-1) biosynthesis [15]. developed to improve efficiency and vyield, including
As a result of this diverse biological profile, imidazole FeCt-6H.0 [28], alumina [29], and copper acetate [30].
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Despite these advances, most approaches still suffer fromr uci al role of the biocatal)
drawbacks such as laborious purification, significant wastehymotrypsin loading from 0.2 to 0.8 mg led to a consistent
generation, strongly acidic conditions, side reactions, andnhancement in yield along with a reduction in reaction

moderate yields. time, while no significant improvement was observed
Herein, we present a sustainable and-feiemdly beyond 0.8 mg, identifying it as the optimal catalyst
approach for the synthesis of imidazole derivatives throug@Mount.

a onepot, threecomponent condensation of benzil , Table 1:Optimization of Reaction Conditions for the
various benzaldehyde derivatives, and ammonium acetate U-Chymotrypsin-Catalyzed Synthesis of Imidazole

in an aqueous mehymidrypsin 08t i 1 i zing U Derivatives
mg/ mL) as a biocatalyst at 60 AC, of fering mild react.i
conditions, operational simplicity, and high selectivity. Entry | J chymotrypsin | Temp. | Solvent | Time | Yield
Experimental: (mg) | (°C) (hr) | (%)*
Material and method: 1 B RT i 12 )
Benzlb, aromatic aldehydes, |alimonio@m aRTet ate, &na@2 U
chymotrypsin were obtained from commercial sources and 3 0.4 RT - 7 34
used as received. All reactions were conducted in distilled 4 0.6 RT - 6 55
water. Reaction progress was monitored by TLC on silica| g 0.8 RT - 45 | 64
gel plates under UV light. Melting pds were measured 6 10 RT _ 4 65
using a digital melting point apparatus and are uncorrected[— 0.8 60 : 3 74
The synthesized imidazole derivatives were 8 0.8 90 - 3 76
characterized by IR (KBr}H and'*C NMR spectroscopy 9 0.8 60 | DMSO | 25 | 80
(using TMS as internal standard), mass spectrometry (ESI) 19 0.8 60 DCM 3 78
to confirm their structures. 11 08 60 | Water | 2 85
General Procedure for the synthesis of benzimidazole 1) X is the isolated yield of the product

derivative:

A mixture of benzil (1.0 mmol) the appropriate
aromatic aldehyde (1.0 mmol)andammonium acetate
(3.0 mmol)was taken in a reaction vessel containirzger

Increasing the reaction temperature from room
temperature to 60 °C significantly improved the reaction
o : efficiency, whereas further heating to 90 °C afforded only
;t%er:j],l_;n;jr?h(t-:‘hIrsgat:}ti(z)hr?ﬁ?;zfz\?vago.s?irrrggg]fl_c). \1’_\'??;’ margipal gains. Solvgnt screening reyealed that although
progress of the reaction was monitored by TLC. Uponorgamc solvents pr_owded moder_atelyls,watt_ar em er_ged
as the most effective and sustainable medidetivering

completion, the reaction mixture was allowed to cool tothe highest isolated yield (85%) in the shortest reaction
room temperature, and the solid product formed wa -

filtered off. The biocatalyst was simultaneously time (2 h). .O\_/erall, the optlm|zed conqn]orQ;,. 8 -mg U
. L . chymotrypsin in water at 60 ©@ffer an efficient, selective,
separated by simple filtration, washed with water, and

retained for reuse. The crude product was washed with co@f‘d ecofriendly route for the synthesis of imidazole

water and recrystallized from an appropriate solvent to erivatives.

afford the correspondingmidazole derivative in high ~ Table 2: Substituent Effects in the Biocatalytic
purity . Synthesis of Imidazole Derivatives.

The substrate scope of the optimized protocol was

evaluated using variowsomatic aldehydeis the onepot
O 0 O condensation obenzil, aldehyde, and ammonium acetate
0 Ny a-chymotrypsin N\ — (Table 2). The reaction efficiency was found to be strongly
Ry + NHOAC —— \ %@ influenced by theelectronic nature and position of
O 0 7 H,0,60°C O ” R substituent®n the aromatic ring.

' 2(ad) 3 4(ad) O 0 O
0 ; N =
\ H a-chymotrypsin B
Resultand Discussion *Ry P NH,0AC —’H L a'e ' \
Using benzaldehyde as the model aromatic aldehyde O 0 & O H

the synthesis of imidazole via a epet threecomponent
condensation dfenzil, aromatic aldehyde, and ammonium

acetatewas systematically optimized (Table 1). In the| 4 2(ad) 3 4 (@)
a b s e n ¢c echynwfrypsirl) the reaction proceeded : :
sluggishly, giving only 8% yield after 12 h, highlighting the [ Entry | R1 | Time | Yield | M.P. (°C) |
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(hr) [ (%)* | Obs. | Replst3a particularly  effective, with paraitrobenzaldehyde
1 CeHa- 2 85 | 264 >260 delivering the highest yield (95%) in the shortest time (1
2 4-CeHa- 25 80 | 224 | 226228 h), 1 ikely duMeffectsthat significangly 1 |
226 activate the aldehyde group.
3 4-OH- 25 78 | 232 | 232234 Positional effects were also evident: orgubstituted
CeHs- 234 aldehydes generally required slightly longer reaction times
4 2- 3 74 | 224 | 227228 compared to their para analogues, which can be ascribed to
OCH;CeH4- 227 steric hindrancehat partially impedes substraenzyme
5 4-OCHs- 3 78 | 210 | 210211 interaction.
CeHa- 212 Overall, the observed trends clearly indicate that
6 4-Cl-CeHs- | 1.5 | 87 | 258 | 258260 electronwithdrawing substituents favor high yields and
261 rapid reactions while electrondonating groups lead to
7 2,4-(Cl)2- 2 88 | 174 | 175178 relatively lower yields underscoring the mechanistic
CesHa- 176 influence of el ectroniec and
8 2-NO»- 2 90 | 228 | 230231 chymotrypsincatalyzed synthesis of imidazole derivatives.
CeHa- 230 Conclusion
9 3NO> 151 92 | 312 >300 fficient protocol has been
CeHo 314 In.summary, a green anql efficient p s b
established for the synthesis of imidazole derivatives
10 4 1 95 | 233 | 235236 through a ongot, threecomponent condensation of
, ,NOZCGH“'. 235 benzil, aromatic aldehydes, and ammonium acetsiteg
X is the isolated yield of the product Uchymotrypsin as a biocatalyst an aqueous medium.

The optimized conditions) . 8  mechyrotrypsih in

Unsubstituted benzaldehyde afforded the imidazol water at 60 °@nabled smooth reaction progress, affording
efhe desired imidazole derivatives ixcellent isolated

roduct in good vyield (85%) within 2 h, serving as a_. ) s )
guitable ben%hma?lk Aro(matig aldehydes beaeilmgtgr]on yields ranging from 74% to 95%ithin short reaction
: times.

donating groups such as hydroxyl and methoxy _ _
substituents exhibited comparativelpwer yields and The biocatalyst could beeadily separated from the
longer reaction time€74i 78%, 2.53 h). This reduced reaction mixture by simple filtratioafter completion of the
reactivity can be attributed to the decreased electrophilicityeaction, highlighting the operational simplicity of the
of the aldehydic carbonyl carbon caused by electromnethod. The protocol exhibited broad substrate scope,
donation, which slows down the initial nucleophilic attacktolerating both electredonating and electrewithdrawing
during imine formation. aromatic aldehydes, with the latter providing higher yields
In contrast, aldehydes containingelectron due to enhanced electrophilicity. Overall, this

withdrawing substituenté C | and N enhances he v\j&o&r@entally benign and selective biocatalytic strategy

reactivity, leading to shorter reaction times and highero ers a practical, sustainable, and scalable route for the

yields (8795%). These substituents increase thes/nthesis of structurally diverse imidazole derivatives,
electrophilicity of the carbonyl group, facilitating faster aligning well with the principles of green chemistry.
condensation with ammonia and subsequent cyclization

steps. Among themnitro-substituted aldehydesvere
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Eco-Friendly Microwave-Assisted Synthesis of Heteroaryl Chalcone
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Abstract:

Green chemistry is a discipline of great interest in medicinal chemistry. It involves all fields of chemistry and it is
based on the principle to conduct chemical reactions protecting the environment at the same time, through the use of
chemical procedureable to avoid pollution. In this context, water as solvent is a good choice because it is abundant,
nontoxic, norcaustic, and noeombustible. Even if microwave assisted organic reactions in conventional solvents have
quickly progressed. The exploratiof potential utilization of microwaves as an energy source for heterocyclic synthesis
was herein investigated using An efficient and environmentally sustainable method has been developed for the synthesis
of a Microwave assiste@laiseri Schmidt condensatiowf 2-Pyridinecarboxaldehyde andMe Acetophenone in the
presence of potassium carbonate as a mild base catalyst to afford the corresponding aromatic chalcones in good to excellen
yield within 1i 3 min. The chemical structures were confirmed by analygicdlspectral data.

Keywords - Heteroaryl chalcones; Microwave irradiation; Claisgohmidt condensation

Introduction : free or minimalsolvent conditions and often in open
In recent years, green chemistry has attracte essels, thereby reducing safety hazards associated with

considerable attention as an essential approach for t _h pressure and flammable splvents [9]. As a result,
development of environmentally benign and sustainabldlicrowaveassisted ~methodologies have become —an
chemical processes [1]. The primary objective of greer'\ntegral. component of green chemistiyven organic
chemistry is to minimize or eliminate the eusand SYNthesis.

generation of hazardous substances, thereby reducing Chalcones are also wadktablished intermediates for
adverse impacts on human health and environment#éiie construction of a variety of heterocyclic compounds,
contamination through preventive and sustainablenaking them highly valuable scaffolds in medicinal
strategies [2]. In organic synthesis, one of the majochemistry. Chalcorbased compounds have been reported
challenges remains the extensive use dtiorolatile, and to exhibit a broad spectrum of pharmkgpcal activities,
environmentally harmful solvents, creating an urgent neeéhcluding antiinflammatory [10], antioxidant [11],
for cleaner and safer synthetic methodologies [3]antiviral [12], antibacterial [13], and antileishmanial
Consequently, numerous green synthetic approaches haaetivities [14]. The presence of the conjugated enone
been explored by researchers for the efficient synthesis sfystem plays a crucial role in these biological properties by
diverse orgami and heterocyclic compoundé] facilitating interactions with biological targetgl5]

Chalcones represent an important and versatile class of In view of the significant biological importance of
U, b-unsaturated aromatic ketones that serve as keghalcones and the growing demand for environmentally
structural motifs in a wide range of biologically active sustainable synthetic protocols, the present study focuses
molecules. Structurally, chalcones consist of an enonen the microwavassisted synthesis of heteroaryl
moiety linking two aromatic rings, which contributes to chalcone, offering an efficient, green, darpractical
their chemical reactivity and biologicalevance [5]. They approach aligned with the principles of green chemistry.
are also referred to as b(_anzalacetophenones or phenyl StyBQperimental Section
ketones and are recognized as crucial intermediates in both . )
the Auwerdés synthesis asd, t /HIéeagsnftslgvgr&qf].qnq{ygcgligrgde A usqd WIthQup, 1 o |
[6]. Several synthetic strategies have been reported fgHrther purification. Melting points were measured using
chalcone preparation; however, aldol condensation angP€n capillary tubes and are uncorrected. Tayer
Claiseri Schmidt  condensation  between  aromaticchromatography (TLC) was employed to monitor reaction
aldehydes and aryl ketones under acidic or basic conditiofg©9ress and purity. Infrared specware recorded using

remain the most widely employed amfiable methods [7].  KBr pellets,and*MNMR spectra were obta
with tetramethylsilane (TMS) as an internal standard.

In recent years, microwave irradiation has emerged a§jicrowaveassisted reactions were carried out in a

a pO\_/verfu_I ar_u_j efficient tool in synthetic organi_c chemistry,jyomestic microwave oven operating at 2450 MHz with an
offering significant advantages over conventional heating)utput power of 600 W

techniques. Microwavassisted synthesis enables rapid, ,
reproducible, and scalableactions, often resulting in CG€neral Procedure for the Synthesis of Heteroaryl

shorter reaction times, improved yields, enhancedhalcones 3(Pyridin-2-yl)-1-(4-methylphenyl)prop-2-
selectivity, and cleaner reaction profiles [8]. Moreover, this€"r1-0n&
technique allows reactions to be conducted under selvent
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Equimolar  quantites (0.01 mol) of -2 NMR spectroscopy. Inthe IR spectrum, a strong absorption

Pyridinecarboxaldehyde and-Me Acetophenone were band observed at 1662682 cm T correspo
mixed with anhydrous potassium carbonate to form & o nj u g aunsamratetd ,cdrbonyl (C=0) stretching
homogeneous solid mixture. The mixture was subjected taibration, while bands in the region 15826 24 c¢cm T a

microwave irradiation for 4 minutes. Reaction attributed to C=C stretching of theefihic and aromatic
completion wasconfirmed by TLC. After cooling, the systems, consistent with chalcone derivatives [17]. The
reaction mass was dissolved in ethanol and filtered t&ViVis spectrum exhibited an intense absorption
remove inorganic residues. The filtrate was concentratethaximum around 338 5 2 nm, arising f
and allowed to crystallize.[16] electronic transitions of the exted conjugated enone

Table: Physical Data of Novel Heteroaryl Chalcones system, a characteristic feature of chalcones containing
_ _ — heteroaromatic rings [18]. The *H NMR spectrum
Compo  Heteroaryl Aldehyde  Substituted Melti Reacti  Yie

und Used Acetopheno ng  on Id displayed twotrane | ef i ni ¢ pr ot onis as ¢
Code ne (F:%i?t (Tnl/ln\ﬁu (%) 7.6 an&®. @ wprd with a | arge co

15/16 Hz), conirming the Econfiguration of the enone

, min) . . . .
moiety, while aromatic protons appeared in the expected

1 2- 4-Me 116 36 88 regions, and a singlet at 0 ~.
Pyridinecarboxal ~ Acetophen methyl group [19]. Further confirmation was obtained from
dehyde one the 3C NMR spectrum, which showed a clteeistic
Table 1 summarizes the physical and synthetic datafg¢ o wnf i el d signal at O ~192 pp
the synthesized heteroaryl chalcone derived from 2¢ ar bon, ol efinic calShe@pms in
pyridinecarboxaldehyde andmethylacetophenone under & T 0 mat i ¢ ¢ ar b d 18 ppim,eandvaenethyl U 1 2
microwave irradiation. The reaction proceeded efficiently¢ @ r bon resonance at 0 ~23 ppn

affording the desired chalcone in laost reaction time of ~Proposed chalcone struce [20].
3.6 min, demonstrating the effectiveness of microwaveConclusion

assisted synthesis. The isolated product exhibited a sharp
melting point at 116 °C, indicating good purity and
successful crystallization. Furthermore, an excellent vyiel
of 88% wa obtained, highlighting the high efficiency of
the developed green protocol. Overall, the data confirm thq\
the microwaveassisted, solverftee ClaisenSchmidt
condensation provides a rapid, higlelding, and
reproducible approach for the synthesis dadtehnoaryl
chalcones.

A facile and green microwavassisted methodology
as successfully developed for the synthesis (@y8idin-
-yl)-1-(4-methylphenyl) prog-enl-one. The protocol
ffers notable advantages, including solvemd catalyst
ee conditions, mild reaction pameters, short reaction
time, simple workup, and excellent product yield. The
enhanced reactivity observed under microwave irradiation
highlights the efficiency of this approach, making it an
economical and environmentally friendly alternative for
Results and Discussion the syithesis of heteroaryl chalcones.

The structure of gpyridin-2-yl)-1-(4-methylphenyl)
prop-2-enl-one was confirmed using IR, UVis, and
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Plastic Waste Impact on Nature and Human in Kalamnuri City, Tq. Kalamnuri.
Dist. Hingoli (MS)

Dr. Lande A. Al Dr. GochadeR. M.? Vijigiri Dinesh G. 3
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Abstract:

Particularly in quickly growing urban regions, plastic garbage has become a major environmental and public
health hazard. The current study focuses on how plastic garbage affects human health and the environment in Kalamnuri
City, Taluka Kalamnuri, DistricHingoli, Maharashtra (MS). Plastic garbage accumulation has grown to be a major local
problem as a result of urbanization, population growth, and poor waste management techniques. This study assesses the
growing problem of managing plastic garbage inagahuri, a major city in the Hingoli district. By 2026
One significant source of waste is the Kalamnuri Municipal Council (M.C. Kalamnuri), which produces about 0.5 metric
tons of street sweeping waste per day (MTD), a significant amount of which is made ugbadaegradable plastics.This
study examines tharigins, kinds, and disposal practices of plastic garbage in the research region as well as its impacts on
the soil, waterways, livestock, and biodiversigyavel, S., et al. (2024The study also looks at the possible health
problems that plastic polfion may pose to locals, including drinking water contamination, air pollution from burning
trash, and exposure to microplastics.. Surveys, secondary sources, and field observations were used to gather data. The
results show that burning plastic garbageero dumping, and poor segregation are the main causes of Kalamnuri City's
environmental deterioration and health risks. The study emphasizes how urgently better waste management systems, public
awareness.

Keywords: Plastic waste, Hazaradus substances, Health ProBlastj Pollution

Introduction: by improper disposal methods, such as open burning,

One of the most enduring and widespread types O?ndgngering Ny c_ommunities‘ respiratory health,
environmental contamination in the world today is plasticP@rticularly in areas with inadequate waste management
garbage. Plastic accumulates in natural ecosystems and dgffastructure.
last for hundreds of years without significantly degrading ~ Similar trends of plastic trash generation and
because of its durability, affdability, and widespread use mismanagement are apparent in Kalamnuri City, Tq.
in packaging, household goods, and industrial uses. Rapkalamnuri, Dist. Hingoli (MS), which are made worse by
urbanization and rising consumerism in India haveinadequate recycling, segregation, and official waste
increased plastic consumption, which has resulted in aollection systems. Both environmental quality godblic
notable increase in industrial and municipal plastic wastéealth have been impacted by the buildup of plastic garbage
with detrimental effects on ecosystems and human healthin urban and pemurban regions, which has resulted in

By changing the characteristics of soil, impeding mamdamaged landscapes, clogged drains, poor soil quality, and

growth, and contaminating water bodies, plastic Wasténcreasing pollution in water bodies. By identifying major

negatively impacts both terrestrial and aquatic ecosystemgources of plag pollution, evaluating ecological and

Animals in various environments may suffer physical ealth hazards_, and suggesting §ustai_nab|e mitigation
harm, hunger, and reproductive ltae as a result of techniques particular to Kalamnuri City, this study seeks to

consuming plastic waste. Furthermore, plastics never full)lr'nderStand thehprecise ef.feCtS”?f plastic W?stetmm
biodegrade; instead, they fragment into smaller piece§COSYStem and human wélting.Alhazmi, H et.al (2021).

known as microplastics, which contaminate groundwaterMaterials and Methods:
rivers, and soils and pose lotgrm ecological risks. The Study area:
integraton of these microplastics into food webs

eventually impacts ecological stability and biological ' the Hingoli District of Maharashtra State (MS),
diversity. Meshram & Mhatre et.al (2024.) Kalamnuri City is located in Kalamnuri Taluka. Situated in

) ] ) the eastern region of Maharashtra, the city experiences hot
Ghosh, S.et.al(2023),Plastic pollution has negative gmmers, moderate monsoon rainfall, and mild winters due
effects on human health in addition to natural systemsy, jts semiarid environment. With ra increasing urban
Nc_)w_that mlcroplastlcs. have been found in food 'te,mspopulation, the region is primarily dependent on small
drinking water, and airborne dust, human populationgcaje husiness and agriculture. The city's residential areas,
around the world may be exposed. Furthermore, hazardows, ketplaces, hospitals, schools, and transit systems all
compounds like phthalates and bisphenol A (BPA), which cqntrinyte to the production of plastic waste. Carry bags,

can leak into the environment and have been linked tg,qq hacking materials, bottles, and other plastic debris are
developmental problems, endocrine disruption, and OIthFequentIy discovered in the area.

negative health effects, are frequently found in plastic

products. Toxic chemicals are releasem ithe atmosphere Throwaway household plastics, sachets, and mugs.

Plastic garbage is burned and dumped outside in a number
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of places due to inadequate residential waste segregatipublic areas, and open dumping sites were among the

and a lack of recycling facilities.Inappropriate disposal ofchosen spots inside Kalamnuri City.

plastic gar_bage has_ a direc'_t impact. on nqturabrimary Data Collection

characteristics such adjacent agricultural fields, drainage. i

systems, and open land. Becausf these factors, Field Survey and Observation

Kalamnuri City is a good place to research the local effects To study plastic garbage accumulation, disposal

of plastic waste contamination on the environment andnethods, and its effects on soil, water bodies, drainage

human health. ] , systems, livestock, and vegetation, regular field trips were
R — carried out across Kalamnuri City's several wards. Carry

bags, bottles, food packaging,chats, and disposable

goods were among the plastic trash types and quantities that

were noted.

Questionnaire Survey

In order to gather data on plastic usage patterns, trash
disposal techniques, awareness of plastic pollution, and
perceived health risks associated with plastic waste, a
questionnairdbased survey was administered to locals,

(& T e & merchants, and sanitation pemgel. Respondents were
Side a Market Chauk chosen by random sampling.

f Photographic Documentation

To visually illustrate the pollution caused by plastic
trash and its consequences on the ecosystem, photos were
collected at certain sites. Field observations were supported
by these photos.

Secondary Data Collection:
Secondary data were collected from

Records of municipal solid waste
managementpublications from the government, including
the Plastic Waste Management Rufasblicationsreports,
and research articles about plastic trash and environmental
health reports from environmental organizations both
domestically and abroad.

% &
Side B. Bus stand  Side C. Near Govt. Hospital. Data Analysis

Selection of Study Are#&alamnuri Mapand Their Descriptive statistical techniques were used to analyze
internal city Site locationf Photos the gathered data. To find patterns in the production and
disposal of plastic waste, survey responses were compiled
into tables and percentages. The effects on the environment

~In Kalamnuri City, Taluka Kalamnuri, District and human health were @uated through qualitative
Hingoli, Maharashtra (MS), the current study was carriechnalysis of observational data.

out to evaluate the effects of plastic trash on the
environment and human health. Systematic field survey(?f

Materials and Methods

Limitations of the Study The study was limited to
alamnuri City and was based on shintm observation.
aboratory analysis of soil, water, or air samples was not
conducted. The findings are therefore based on field
Materials Used observations and respondent

Structuredquestionnaires for surveys of householdsresults and Dicussion:
and retailers Checklistfor field observations camera for The field survey and questionnabesed study

taking pictures Kalamnuri City tationery and recording ; R o )
materials maps Secondary data sources include municip%?nduaed in Kalamnuri City revealed significant issues

records, government reports, research publications, arh lated to plastlc waste generation, disposal, and its impact
journals. on the environment and human health.

Study Design Plastic Waste Generation and Types

In order to comprehend the origins, distribution, and According to the survey, carry bags, food packaging

effects of plastic garbage in the study area, the study usé%agﬁgtasls’ a%?Sthout;Ztrtllglsd dIlzgtt)izati)tl:m(;up;reant?]eplamtﬁzi
a descriptive and observational research approacf ' P

Residential neighborhoods, marketplaces, roadside are gequently produced p_Iast|c waste in Kalamnuri City. The
main sources of plastic garbage were fibto be market

and commercial zones, then residential regions.

data collection, and qualitative analysis of primary an
secondary sources comprised the studys@ach.

Vol. 13| Issue 1 January2026 24 www.newmanpublication.com



New Man International Journal of Multidisciplinary Studies (NMIIMS) ISSN: 2348-1390

Plastic Waste Disposal Practices and sanitation workers, are at greater risk due to prolonged

The results of the survey showed that many homes arfekPOSUre. The flndlngs emphasize the need .for effegtive
retailers do not properly separate plastic garbage at fyuaste segregation at source, regular.collecnon services,
source. The disposal of mixed debris was widespread, witRUPlic awareness programs, and strict enforcement of
plastic waste being found in drainage channels, alongl@stic waste management eslOverall, the study
roadsides, and in open areas. Dparning of plastic debris démonstrate that plastic waste is not merely an
was seen in a number of places, especially initmome environmental issue but a cpmbmed ecolqglcal_ and public
and peripheral communities. healt'h concern in Kalamnuri City. Addressing this problem

) requires coordinated efforts from local authorities,
Impact on Natural Environment community members, and policymakers to promote

Field observations showed that Kalamnuri City'ssugainable waste management practices and reduce plastic
natural ecosystem has been negatively impacted by thldependency.
accqmulation _of plastic garbage. Water stagnationggnclusion:
particularly during the monsoon season, was caused by
plastic waste that clogged drainage systems. dpen
disposal of plastic garbage on undeveloped ground h

decreased the utility of the area and deteriorated the quali o : ) ;
of the soil.Chae Y, et.al (2018), Plastic poliution was (MS). The findings reveal that increasing use of single

detected in agricultural fields close to cities, endangering!astics, lack of source segregatiamd improper disposal

crop productiviiy and soil fertility. Cattle and goats, among Practices such as open dumping and burning have
other livestock, have been seen consuming plastic debrigl,gnmca_ntly _contnbuted to environmental degradation and
which raises the possibility of harm and death. health risks in the study area. Plastic waste accumulation

has adversely affected soil quality, drainage systems, water
Impact on Human Health resouces, livestock, and overall urban cleanliness.

The questionnaire survey revealed that residents living  The study also highlights the serious implications of
near dumping sites reported health issues such #lastic waste on human healtBhang, X., (2025).
respiratory problems, skin irritation, and frequent Exposure to polluted air from plastic burning,
infections. Open burning of plastic waste was identified agontaminated surroundings, and unhygienic conditions
a major cause of air pollution, resng in unpleasant odor jncreases the risk of respiratory problems, infections, and
and smoke exposure. Respondents also expressed CoNCgffer health issues among local residents. The presence of
about - contaminated drinking water and unhygienicyjastic waste in agricultural fieldand water bodies

conditions created_ by plastic waste_ accumulation, whichyicates the possibility of lonterm ecological damage
may increase the risk of vectborne diseases. and entry of microplastics into the food chain.

The present study concludes that plastic waste has
fecome a major environmental and public health concern
{y Kalamnuri City, Taluka Kalamnuri, District Hingoli

Discussion Overall, the research emphasizes that plastic waste is
The results of the present study clearly indicate thanot only an environmental issue but also a social and
plastic waste poses a serious threat to both nature ahealthrelated problem that requires immediate attention.
human health in Kalamnuri City. The dominance of single Effective implementation of plastic waste management
use plastics reflects changing consumption patterns andles, public awareness programsprpotion of waste
lack of awareness regarding emrimentally friendly segregation at source, reduction of singse plastics, and
alternatives. Similar trends have been reported in othestrengthening of recycling facilities are essential to
small and mediursized cities in India, where rapid mitigate the impacts of plastipollution, Uwaegbulam
urbanization is not matched with efficient wasteC.et.al (2018). Active participation of local authorities,
management systems.Improper disposal practices, such @mmunity members, and policymakers is crucial to
open dumping and bummg, highlight gaps in municipal achieve a cleaner, healthier, and sustainable environment
waste management and public participation. The blockage Kalamnuri City.
of drainage systems by plastic waste not only Comrib“teﬁcknowledgements:
to environmental degradation but also increases the risk of
flooding and waterborne diseases. The presenpdasfic
waste in soil and agricultural fields may lead to ktegn
ecological impacts, including reduced soil fertility an
potential entry of microplastics into the food chain.

| am thankful toDr.Vilas Patils siy Principal of
Shri.RenukadeviArts, Commerce& Science College
g Mahurandl am also grateful to the people k§alamnuri
City, whose cooperation and involvement in the surveys
] ) . and interviews allowed this study to be conducted. Their
The health issues reported by residents are CO”S'St%owledge and experiences gave us a great starting point

with known effects of plastic pollution, particularly for comprehending the true effects of plastic garbage in the
exposure to toxic fumes released during plastic burnmg.egion_

Vulnerable populations, including children, the elderly,
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Abstract:

Globalization has accelerated industrialization, international trade, and chemical manufacturing across the world,
leading to rapid economic growth as well as serious environmental challenges. From a chemistry perspective, globalization
has intensified emgy-intensive chemical processes, increased emissions of greenhouse gases, and generated large volumes
of hazardous waste (Manahan, 2017; Sharma, 2018). Environmental chemistry plays a crucial role in understanding the
sources, chemical behaviour, transfation, and fate of pollutants in air, water, and soil (De, 2016). The concept of a
green economy aims to achieve economic development while minimizing environmental risks through sustainable
industrial practices and resource efficiency (UNEP, 2011). Thsearch paper examines globalizatilsiven
environmental challenges through a chemisentric approach and highlights the role of green and sustainable chemistry
in achieving a green economy. The study discusses chetbated solutions such as gregmthesis, cleaner production
technologies, renewable feedstocks, and circular chemical processes. The novelty of this work lies in integrating
globalization, environmental chemistry, and green economy into a unified framework, demonstrating that cbamistry
act as a key driver for environmentally responsible and sustainable global development.

Keywords: Globalization, Green Economy, Environmental Chemistry, Green Chemistry, Sustainable Development

Introduction : responsible. Thispaper explores the interrelationship
Globalization has transformed the world by between globalization, green economy, and environmental

connecting economies, industries, and technologie$hallenges from a chemistoentered perspective.
resulting in unprecedented industrial growth and chemicaBlobalization and Chemical Industry Expansion

production (Manahan, 2017; IPCC, 2021). Chemical  Gjopalization has significantly expanded the scale and
industries provide essential products such as fediz  jnensity of chemical industries worldwide (Varma, 2008;
pharmaceuticals, polymers, fuels, dyes, pesticides, a“§harma, 2018). Largecale production, global supply
specialty chemicals, which support modern lifestyles andpains, and increased demand for chemical products have
economic development. However, the rapid expansion Qfagyited in high consumption of rawaterials and energy.

chemical manufacturing under globalization has alsqyost chemical processes rely on fossil fuels, leading to
intensified environmental pollign, climate change, and high carbon emissions and environmental stress.

resource depletion (Sharma, 2018; De, 2016). ) . ) ) .
From a chemistry viewpoint, industrial processes

~ From an environmental chemistry perspective,generate primary pollutants that further undergo secondary
mdust.nal growth is c]osely assoc[ated with the _relgase eactions in the environment. For example, sulfur dioxide
chemical pollutants into the environment. Emissions ofyng nitrogen oxides react with atmospheric moisture to
carbon dioxide, sulfur oxides, nitrogen oxides, carbongrm syifuric and nitric acids, retting in acid rain (De,

monoxide, and volatile organic compoundalter  >016) Carbon dioxide and methane enhance the
atmospheric chemistry and contribute to global warminggreenhouse effect, leading to climate change. Industrial
smog formation, and acid rain (IPCC, 2021; Manahangg|yents and reagents contribute to toxic waste generation,

2017). Industrial effluents containing heavy metals, acid osing risks to ecosystems and human health (IPCC, 2021).
alkalis, dyes, and persistent organic pollutants contaminate

water bodies and distb aquatic chemical equilibrium. Soil The globalized fildexgamly eco
contamination due to agrochemicals and industrial wastBroduce, —consume, —and dispdse  chemically

affects soil chemistry and reduces agricultural productiviNSustainable. It increases chemical waste accumulation
(CSIRNEERI, 2020). and resource depletion, emphasizing the need for a

] ) ) S sustainable chemical framework aligned with green
Environmental chemistry provides scientific tools to economyprinciples (Varma, 2008).

study the origin, transport, chemical reactions, and fate of _ . .
pollutants in natural systems (Manahan, 2017). At the sanfenvironmental Challenges: A Chemistry Perspective
time, the concept of a green economy has emerged asA#r Pollution :

sustainable development modékt promotes economic Air pollution arises from emissions of gases and

growth while reducing environmental damage (UNEP,ic\jate matter from chemical industries, power plants,

2011). Green chemistry and sustainable chemistry off€fpq transportation. Chemical reactions in the atmosphere
innovative approaches to redesign chemical processes apd,q 1o photochemical smog, ozone formation, and acid

products, making globalization more environmentallyrain, affecting climate and public &kh (Manahan, 2017).
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Water Pollution: Less Use of nortoxic Improves
Water bodies receive untreated or partially treateq Hazardous | reagents and reaction| environmenta
industrial effluents containing heavy metals, dyes, and Synthesis I and human
organic pollutants. These substances alter water chemistry, : safety
reduce dissolved oxygen, and harm aquatic organismsPesigning | Functional but Minimizes
(CSIRNEERI, 2020). Safer environmentally ecological
. o Chemicals | benign products damage
Soil Contamination: .
. - o _ Safer Replacement of toxic | Cleaner
Excessive use of fertilizers, pesticides, and improper solvents solvents production
waste disposal leads to soil contamination. Chemical processes
residues persist in soil, affecting microbial activity and gpergy Reactions at ambier] Lower energy|
nutrient balance (Sharma, 2018). Efficiency | temperature & consumption
Environmental chemistry helps in identifying these pressure
pollutants, understanding their transformations, and Renewable | Use of biomass an( Longterm
designing remediation strategies (De, 2016). Feedstocks | renewable raw sustainability
Green Economy: Role of Chemistry LO”P’FerrSI,t materials
. . sustainabili
A green economy aims to improve human vixling y
vC\:/Ene _ tS|gn||f|cantly tretljucllng_; err:_vlr(_)nmental risks. Reduce Avoid Less chemica
emistry piays a central role in achieving green economy pyq iy atiyes protection/deprotectio| waste
objectives by enabling cleaner technologies, safer n steps
materials, and efficient resource utilizationNBP, 2011, - -
Catalysis Use of catalysts Higher
Varma, 2008). . .
instead of| efficiency,
Green chemistry emphasizes pollution prevention at stoichiometric lower waste
the molecular level by designing environmentally benign reagents
reactions and products (Anastas & Warner, 1998). pesign for| Products degrade int Prevents
Susta‘"’]able ChemIStI’y CQﬂSIderS the ent”'e I|fe CyCle Of Degradation harm|ess Substances environmenta
chemical products, ensuring lotgrm envionmental and |
economic viability. Adoption of these principles allows accumulation
indqstries to remain globally competitive while minimizing [ Reattime Monitoring during| Pollution
environmental impact (Varma, 2008). Analysis process prevention
Green and Sustainable Chemistry Principles Inherently Safer chemicals an|{ Reduces
Supporting Green Economy Safer conditions industrial
Green and sustainable chemistry is governed by twelueChemistry accidents

fundamental principles proposed by Anastas and Warne$ource: Adapted from Anastas & Warner (1998)

(Anastas & Warner, 1998). These principles aim t
minimize waste, reduce toxicity, improve energy
efficiency, and promote the use of renewable resesi

Economy.

Adoption of these principles enables chemical industries t&iagram Description (Figure 1)

reduce environmental pollution, enhance

principles and highlights their
sustainable development.

el in supporting

Table 1.Relationship between green chemistry principles
and their contribution towards a green economy

process

transition to
development.

Globalization

a green

Framework Flow:

increases chemical
efficiency, and support the transition towards a greefindustrial activity, leading to environmental pollution. By
economy. Table 1 summarizes the key green chemistiypplying green chemistry principles and sustainable
chemical processes, pollution can be reduced, enabling the
economy and tairsable

OProposed ChemistryBased Framework for Green

production and

Green Chemistry Role n Globalization \4 Chemical
Chemistry | Explanation Green Environment al Challenges \4
Principle , - Ecpqomy Chemistry Y Green & Sustainabl
Atom Design chemical Efficient Economy Y Sustainable Devel op
Economy reactions so that resource i _

maximum atoms end | utilization Indian Perspective

up in the final product In India, rapid industrialization and urbanization have
Atom Maximum atoms| Efficient intensified chemical pollution challenges (CSWEERI,
Economy converted into produc]| resource 2020). Indian researchers and institutions have contributed

utilization significantly to environmental chemistry and green

chemistry research (Sharma, 2018arma, 2008).
Adoption of green chemistry in Indian industries can
reduce pollution, conserve resources, and support
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sustainable economic growth. Policies promoting greeindustrial chemical processes. The green economy offers a
technologies and cleaner production are essential faustainable pathway when supported by green and
I ndi ads transition towar d sastaigable ehemistrg @rmaphey .(Anastas & Warner,

Conclusion and Future Scope 1998). Future research should focus on caieutral

o ] ] chemical processes, circular economy modatsl global
Globalization has accelerated chemical production a”@ooperation in green technology tsfer. Chemistry will

economic  development but has also intensifiedemain a key driver for achieving environmentally
environmental challenges. From a chemistry perSpeC“V‘?esponsible globalization.

pollution and climate change are directly linked to
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Role of Cr™*, Mn™", Fe""" metal ion, 2(Cinnamyl)-4-bromo-6-methyl
benzothiazolyl hydrazones lyand and their metal chelateof alcohol fermentation.
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Abstract:
The present study investigates the role of trivalent
(Fej ) i ons, al ong wi-(tifmamyl}d-eroms6ymethyh besziothigzalyl hydragomen and i%s

corresponding metal chelates) the process of alcohol fermentation. The ligand was synthesized and characterized using
standard physicochemical and spectroscopic techniques, followed by the preparation of its Cr(lll), Mn(ll), and Fe(lll)
complexes. The influence of these metal idrn=e ligand, and metal chelates on fermentation efficiency was evaluated
using a yeasmediated fermentation system by monitoring parameters such as fermentation rate, alcohol yield, and sugar
utilization. Results indicate that trace concentrations of Imetes play a significant catalytic and regulatory role in
fermentation, likely through their involvement in enzyme activation and redox processes. The metal chelates exhibited
enhanced or inhibitory effects compared to the free metal ions, suggesticdtzion alters metal bioavailability and
interaction with microbial enzymes. Among the studied complexes, Mn(ll) and Fe(lll) chelates showed a pronounced effect
on alcohol production, while Cr(lll) complexes demonstrated moderate activity. These gifdiindjght the importance

of metalligand coordination chemistry in modulating biochemical fermentation processes and suggest potential
applications of benzothiazolyl hydrazone metal chelates in industrial fermentation optimization.

Introduction : transition metals and have been reported to exhibit
Alcohol fermentation is a fundamental biochemicala”t'm'crc’b'al' enzymatic, and redamodulating activities

process widely exploited in brewing, winemaking, [8]-

bioethanol production, and pharmaceutical industries. The The ligand 2(cinnamyl}4-bromo-6-methyl

process is primarily mediated by microorganisms such akenzothiazolyl hydrazone possesses multiple donor sites,
Saccharomyces cerevisjain which carbohydrates are e nabl i ng effective chel ati on
converted into ethanol and carbon dioxide through Mn ] , and Fej . The formation

complex network of enzymatic reactions. The efficiency ofsignificantly influence fermentation beliavby modifying

fermentation is strongly influenced by the availability of metal ion uptake, enzyme activation, and metabolic
micronutrients, particularly metal ions, which play criicia regulation within yeast cells. Compared to free metal ions,
roles as enzymeofactors, redox mediators, and structuralmetal hydrazone complexes may exhibit enhanced or

stabilizers of metabolic proteins [2]. reduced biological activity depending on their stability and
Transition metal ions s dnefgetionwithceliulgrgompopents®ly  manganese
(Mn)] ), and chromium (Cr | )Despiteextersivoostudies bnoindiwduaj meataf ionsiant |

affect microbial metabolism and fermentation kinetics.fermentation, limited information is available on the
Iron is an essential component of several enzymes involveztbmbined effect of benzothiazolyl hydrazone ligands and
in electron transport, oxidativetress response, and their metal chelates on alcohol fermentation. The present
carbohydrate metabolism, while manganese acts as atudy aims to investigate the radé Cr(lll), Mn(ll), and
activator for key enzymes including decarboxylases anée(lll) ions, the synthesized -@innamyl}4-bromo6-
kinases and contributes to cellular protection againstethyl benzothiazolyl hydrazone ligand, and their
reactive oxygen species [3,4]. Chromium, though requiredorresponding metal complexes on alcohol fermentation.
in trace amounts,has been reported to influence Understanding these interactions may provide valuable
carbohydrate metabolism and enzymatic activity, therebynsights into the jgplication of coordination compounds for
indirectly affecting ethanol yield and fermentation improving fermentation efficiency and developing novel
efficiency [5]. bioinorganic approaches in industrial fermentation

In recent years, increasing attention has been directd ©¢€SS€s-
toward the role of metal chelation in modulating theMeterial and methods
biological fa_ctivity of.r_netal i_ons. thlgting Iigandslc.an alterMicroorganism.
the solubility, stability, bioavailability, and toxicity of _
metal ions, thereby inflencing their interaction with Yeast used in the study was Saccharomyces
microbial systems [6]. Hydrazorsased ligands Cerevisieae collected from local market. The culture was
particularly those containing heterocyclic moieties such ag'ainted on solid yeast medium.
benzothiazole, have attracted considerable interest due kolasses.
their strong coo_rdlna_tlon ability, \{ersatlle bonding r_nodes The molasses were obtained from Local sugar
and notable biological properties [7]. Benzothiazolyl; ;

¥ industries, Nanded.

hydrazones are known to form stable complexes with
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Batch process is adopted in fermentation. 3 3 (CBMBTH) 1.15 2.16
The % of reducing sugar is about 40% the molassesg 4 [Cr 1.92 2.98
were diluted to prepare different concentration of sugars. (CBMBTH)2
The production medium is supplemented with nitrogen and CI2]CL.H20
PhosphateThe pH of medium was adjusted to 5. 5 5 MnCI2 1.19 205
Media composition 6 6 [Mn 183 275
KH2PO4 0.1% (CBMBTH)2
(NH4)2504 0.5% (H20)2] CI2
MgSO4 7H20  0.05% 7 |7 FeCl2 1.15 2.33
veast extract 50'1% 8 |8 |Fe(CBMBTH) | 1.58 2.63
P 2 CI2.]JCI.H20
The ph of medium was adjusted by putting drop by
drop dil sulphuric acid ZCinnamyl}4-bromo6-methyl
benzothiazolyl  hydrazones (It consider CBMBTH) an Graphical representation I,
metal chelates and metal salts were added in differi 4 =
experimental fermentation containers.
The fermentation flask were arranged and they we
labeled along with yeast catalyst. Metal salt and me
chelates were added. pH were adjusted.
Experimental: . &J\O\ & & Q;\Q\\ & (\Q’ é},\, Q;&\
To study the effect of the metal ions and metal chelat (¢ @ N\ « %@
different experiment were carried out. All the fermentatic \ <<<a\(’

flask were sterilized. All solution which are used for th

experiment were alsasterlised. 8 fermentation flask ) )

(sterlised) were arranged and they were labeled from 1 {3€Sult and discussion

8. The experimental data clearly demonstrate that both
Fermentation flask no.l is used as control, biomass production and alcohol yield are influenced by the

Fermentation flask no. 2 is used to study the effect of 2YP€ of compound added, and a clear comparative trend can

(Cinnamyly4-bromo6-methyl benzothiazolyl hydrazones P& oPserved among the treatments.

and flask no.3 were used for CgGalt 0.05 gm were The control flask showed the lowest performance, with
added. In flask no. 4, [Cr (CBMBTH)2 CI2]CI.H20. In 1.09% biomass and 2.05% alcohol, providing a baseline for

flask no. 5 and 6 added 0.05gm MpCland [Mn compari son. Addition of si mpl
(CBMBTH), (H20);] Cl,respectively and in flask no. 7 and Fe Cl ) resulted in only s

FeCk 0.05 were added and flask no. 8 control . A mo n g howedh ehe e highesCr CI
Fe(CBMBTH), Cl»] CIH;0 stimulation (1.21% biomass and 2.56% alcohol), while
] ] ) _ Mn CI and FeCl produced mode
Estimation of biomass: that free metal ions alone have limited effectiveness.
The quantity of biomass depends upon yeast growth  The jigand CBMBTH by itself caused only a marginal
takes place. increase compared to the control, suggesting that the ligand

The dry biomass were measured by transferring thalone does not significantly enhance metabolic activity.
content of conical flask through the filter paper. TheHowever, when CBMBTH was coordinated with metal
residue of biomass which is collected on the filter paper i#ns, a pronounced synergistic effechsvobserved. All
dried by keeping it in oven at 100°C. The mass of biomasgetal CBMBTH complexes showed substantially higher
were recorded and it is giventime table. biomass and alcohol percentages than their corresponding

Estimation of ethyl alcohol: metal salts.

Spectroscopic method is used to determine the alcohol | . . - .
generated in the fermentation process. Fermented wa _hlblted the best overall performance,_gwlng the h|ghe_st
were taken in distillation flask. 15 ml distillate were '0Mass (1.92%) and alcohol production (2.98%). This

collected in the conical flask. 5 mb&rO; (0.1N) in 0.1N reprefsents app_roximately a 76% increase in biomass and a
H2SQs solution were added it is warmed at 60°C . The colof->7? Increase in alcohol content comparedhts control.

The chromium compl ex [ Cr (CE

obtained. The optical density of solution were measure he manganes e comp | e x [ Mn(C
from standard graph. The ethanol generated during?"k€d second, followed Dby the iron —complex
fermentation were determined. e(CB MB_T H) ClI LClLH O, both

sr. | Flas % Wi of % enhancements in both parameters.

No | kNo | Compound |z <s | alcohol In comparative terms, the effectiveness of the

1 1 Control 1.09 2.05 treatments follows the order:

2 2 CrCi3 121 256 CriCBMBTH complex > MniCBMBTH complex >
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Fei CBMBTH complex > metal salts > CBMBTH alone  accumulation and alcohol production, likely due to
> control. improved bioavailability or catalytic effects of the metal
complexes, whereas individual metal salts or the ligand

o , alone are far less effective.
Overall, the analysis indicates that complexation of

metal ions with CBMBTH significantly enhances biomass

Conclusion:
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Abstract:

The impact of humainduced climate change and ozone depletion are now observed to compromise the sustainability of
human development as it threatens the ecological support system on which life depends. Evidences abound to show that
there is climate changad ozone layer depletion in the lagt decades. The Earth is warming, the warming is accelerating,

and human actions are responsible. If the current climate change and warming trends remain uncontrolled, humanity will
face more injury, disease and deetlated to natural disasters and heat waves; higher rates dfdoue], watetborne and
vectorborne illnesses; and death that is more premature and disease related to air pollution. Moreover, in many parts of
the world, large populations will be disptd by rising sea level, and many others will be affected by drought and famine.

As glaciers melt, the hydrological cycle shifts and the productivity of arable land will change. That is the bad news.
Nevertheless, the good news is that through increageddisciplinary and intersectoral collaboration, and rapid
deployment of mitigation strategies to stabilize climate change as well as development of proactive adaptation programmes
to minimize health impact of climate change, the global community wilkltteibprepared to cope with the challenges of
protecting health from the impact of climate change.

Key Words: Climate Change, Human Health, Adaptive Strategies

Introduction : oxygen. It is a protective shield to life on earth, preventing

Climate is the product of interactions between them(lj". ¢ h .Ohf h the IS u T}? s U Ih.t r r? in E et
atmosphere, ocean, land surface and ice cover. Shift figdiation with shorter wavelength ifrom reaching the Earth.

global climate occurs because of external factors, such 4% & result, any changehin atmospherilc ccnlncer)tratioE of
changes in the balance at0Zopecausey ¢hegip theradipactive,iguels, Singe the 5 ¢ ¢
atmosphere between incoming shedve solar radiation industria rgvolutlon, h“'_“a” ac wnes_have:neased the

and the outgoing terrestrial long wave radiation. Climaticatmoslf|)herIC concentrce;:;cg of _I\_'l"qhat IS knownb tOd?jY QZ
factors vary naturally around the world without obvious3réénhouse gases (GHGs). These are carbon dioxide

: : g C0O2), methane (CH4), nitrous oxide (N20) and
notice, and at the same time comfortably maintaining thé
various natural and ecological systems. In the lagt 2 chlorofluorocarbons — (CFCs)  (WHO, ~ 1996). The

decadeshowever, this variation has gone beyond naturaPhotochemical reactions of these greenhouse gatiethwi

levels that climatologists are now in general agreement th one, Ath e green house effect
the world has begun to experience the process of glob Fpletlon ‘?f the protective Oor ozone layer. The effects of
iclimate changebo. The  abisdeplelignhave faregching effpcf on man and life,op
Intergovernmental Panel on Climate Changecc) c=arth.

confirmed that human activities, principally the burning of Health effects of ozone depletion and climate change

fossil fuel, have increased the atmospheric concentration défealth impact of Ozonedepletion.

important greenhouse gases, which may result in a |ncreased levels of ultra violet (UV) radiation due to
warming of the earthos suphdedletbn rfaFHave setiotPcBrsequehcts fof Ivisg W ©
on fAplanetdary MewWerchae | (orgahidms) Adverde "i‘rﬁg@cfjof ultra vioBeta (UV-B)
iclimate change is now cO0mMRLLEhedrd Bpdried Breteredtritl tpRit YrBvRH dnd t Y
human development on the planet because it threatens tBﬁotosynthesis. _Increased tB/has also been shown to
ecological support syst emgaehhegdifkinfubneeloh dgfatic Br§aRismd, tsp&ially ! t
generally accepted that global socioeconomic developmegmg|| ones such as phytoplanktons, larval crabs, shrimps,

and health interventions have improved the generalnq j,yenile fish. Since many of these organisms are at the
standard of living in the recent times but the resultingyace of the marine food chain increased -B/\ay
deteriorating global environmental conditions or factors Ar&erioudy affect aquatic ecosystem.’ Furthermore. increased

now affecting human health. The major globalyy.g radiation affects tropospheric air quality and may

environmental changes significantly affiag health  .5,se damage to materials such as wood, plastic and
according to WHO (1996) and McMichael (1996) include,pper.

climate change and ozone depletion. Ozone in the i i
stratosphere is produced by photolytic destruction of€2lth impact of climate change
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Climate change is likely to be associated withthus change the incidence of vectorborne diseases, which
multitude of effects. Climate change has been associatede major causes of mortality and morbidity in most
with shift in the composition and geographical distributiontropical countries. Increase in norctorborne infectious
of many ecosystems (e.g. forests, deserts, coastal systendgeases such as cholera, salmonellosis, and otherdiodd
as individual species respond tohanged climatic waterrelaed infectious diseases could occur, particularly
conditions, with likely reduction in species diversity andin tropical and suttropical regions, due to climatic impact
agricultural yield. . Climate change will lead to anon water distribution, temperature and proliferation of
intensification of the global hydrological cycle and maymicroorganisms
affect regional water resources. Additionally, climategiher main categories of health risk associated with
change and thresulting setevel rise can have a number (jimate change include
of negative effects on energy, industry and transportation , . .
infrastructure, human settlements and tourism (IPCC, Higher temperatures enhance production of various
1996). Problems associated with climate change and ozog§condary air pollutants (e.g. ozone and particulates).
depletion are numerous and interrelateat. istance, the Consequ'ently,.there is increase in the frequency of allergic
depletion of ozone layer in the stratosphere because gpd cardierespiratory disorders and'deaths caused by these
greenhouse effect causes global warming (Worldr pollutants. (b) Increaseplroducﬂpn of aeroallergens
Metrological Organization (WMO), 1987). Such changes(SPores, pollens), thus exacerbating asthma and other
in the concentration of greenhouse gases are projected d€rgic diseases (Bunyavanich et al; 2003). (c) Mental
lead to regional and glabchanges in climate and climate health consequences of social, economic and demographic
related parameters: temperature, humidity precipitation etdislocations resulting from environmental deterioration
This is to the extent that IPCC (1996) has projected als!uchas flqodmg, rising sea Ievels_,_shortage of water, forest
increase of global mean surface temperature of more th4ff€- eading to population mobility and settlement. (d)
10 C by the year 2100. In man, the health impaazone Emotional _stresses and mental health problems in response
depletion and climate change cannot be separated becad@ePerceptions/fear of climate change may also constitute
the effects are very likely to be synergistic. For instancel’®alth problem to affeate communities (Horton and
with increased UVB radiation on earth, the human McMichael, 2009)
immune system is likely to be affected; and this willreduce  Health impact of climate change and ozone layer
the affected podguat i onés r esi st an depletidn¢HortonrafdevicMidhaelu2909).a n d
parasitic diseases. Broad_ly speaking, the various potenti%ermm stress
health effects of global climate change upon human health ) ) ) ) ]
can be divided into DIRECT AND INDIRECT Mortality (especially cardiopulmonary) increases with
EFFECTS, according to whether they occur cold and warm temperatureéder age group and people
predominantly via the impacts of climate variable uponWith —underlying —organic diseases are particularly
human biology, or are mediated by climitduced vulnerable Mortality increases sharply during heat wave
changes in other biological and biogeochemical systems Water/food-borne diseases
healthy individuals, an efficient regulatory heat system

enables the body to cope effectively W.'th. thermal stres spread them) is Watdrorne diseases most likely to occur
Temperature exceeding comfortable limits, both in thel communities with poor water Climate

warm an_d cold range, substantially _increases the risk %Yondition affect water availability contamination of
(predominantly cardiopulmonary) illness and death. ble water
Directly, an increase in mean summer and winte|porta

temperatures would mean a shift of theserrtralrelated ~Vector-borne diseases

diseases and deaths. An increased frequency or severity of Climate conditions (particularly  temperature)
heat waves will also have a strong impact on these diseas@®cessary for some vectors tihirive and for the
If extreme weather events (droughts, flood, storms etchicroorganisms to multiply within the vectors are
were to occur more frequently, increases in rates of deathglatively well known.

injury, infectious diseases and psychological disorde .

would result. Indirect: One of the major indirect impacts of‘:ood production:
global climate change upon human health could occur via Temperature, precipitation, solar radiation and carbon
effects upon cereal crop production. Cereal grains accouffioxide are important for crop productidhe potential

for around 66% of all foodstusf consumed by humans indirect effect of increased U level reaching the Earth
(McMichael, 1996). These impacts would occur via thelead to impairment of photosynthesis on land (food crops)
effects of variations in temperature and moisture uporerop failure may lead to malnutrition.

germination, growth, and photosynthesis, as well as Vvigkin cancer

indirect effects upon plant diseases, predapest
relationship, andsupplies of irrigation water. A further

Survival of disease organisms (and insects which may

Skin cancer is related to UV exposure (both melanoma
skin cancer and nonmelanoma skin cancer), people with

to be a change in the transmission of vebimme diseases. e!|ghtly plgment.ed skm_ being most susceptible Aging
increases the risk of skin cancer.

Temperature and precipitation changes might influence the _
behaviour and geographical distributiofi vectors, and Immune suppression
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UV suppresses immune system in animal models, anghonitoring of climate change. 1992: The Earth Summit in
may adversely affect var i oRiogBrazi ddeptstaiFmmesvorkiConhvaentiomamGlimatee r i a
radiation may cause pr o-peChangenratified by5@ dounwies ant enteringimtd forcdin U V
induced immunesuppression appear to be a risk factor for1994. (v) 1997: Adoption of the Kyotogdan) Protocol
skin carcinomas which commits industrialized countries to cutting
greenhouse gas emissions by an average of 5.2% by 2012,

o compared to 1990 levels; flexible mechanisms are created
Scientists agree that more extreme weather patterns &t enable polluting countries to avoid targets by funding

on the horizon. A range of forecasts predict increaseghqyction in other @untries. 2008: The 13th United
drought in some parts of Africa and flooding in others.Nations Climate Change Conference in Bali (Indonesia)
Rising sea levels and tropical cyclones threaten small c 3 ched an a g rmeaepnde nati noend aa tfi rpor
island States. Nolthin.g can stopethna_rch of climate 5 npew treaty in 2009, in Copenhagen (Denmark). This
change, put there is still time to temper its effects (Hortontreaty will replace the Kyoto Protocol in 2012. (b). Health
and McMichael, 2008). Care in a changing climate to protect heaith this
Mitigation : changing climate, we need a health care system that
addresses the health impact of climate change. When we
and health . . . :
onsider the wide range of the health impact of climate
hange, it becomes very evident that our health care will
need to be: Responsive tor@éd range of emerging threats

Protecting Health from Climate Change

Global socioeconomic development
interventions have improved the general standard of livin
in recent times but the resulting deteriorating global
environmental conditions or factors are now affecting . .
human health. The major global environmerthhnges of health. Collaborative with other sectors of the

significantly affecting health include climate change anacommunity; and Informed by. thg strategic.i_mperati_ve of
ozone depletion. Mitigation against socioeconomic andeducing greenhouse gas emission and limiting the impact

technological development efforts that deteriorate théf climate chang Responsive health care: To protect health

global environmental conditions/factors must be the firs rom the impact of climate change in the years ahegd,
step towards protecignhealth from climate change. Since patlents and dqctors as well as other health promotion
the industrial revolution, human activities have increa:secﬁ’_r()fess"c’(rjlals will need ':co be on ﬂ;]e I??]kout for the efarly
the atmospheric concentration of what is known today ag'gns an symptoms of serious gat coneeges o
greenhouse gases (GHGs). These are carbon dioxi(‘fgmate change such as heat related illness. Community and
(CO2), methane (CH4), nitrous oxide (N20) and amily physicians will be particularly well placed to
chlorofluorocarbons  (CFCs). Global mitigation  of counsel those at higher risk such as the elderly who live

stratospheric ozone depletion by the greenhouse gases pne, about what to do in Fhe event Of. extreme
go a long way towards protecting health from Climatetempgratures. Suph_ recommaﬂdng m'g.ht mcluc!e

change. For instance, mitigation to reduce depletion of thgre's\f,lng coc_)IIy, drinking enough fluid, limiting physical
stratospheric ozone by chlorofluorocarbo@&Cs) can be actlv!ty dur_mg .the hottest part of the day and
achieved by national and international restrictions on theif/orking/resting in the cooler part of the house. The

production and use. Since CFCs are the primar);esponse of doctors and other health promotion

refrigerants used in air conditioners, the internationaPrc’fess'onr‘;’IIS W_'g need to Ub)gble aln(_j adaptive in ?rgerlh
community should spend time and energy to ﬁndingf[o meet the wide range and evolving nature of healt

replacement for them. Mitigian measures should be taken impacts of climate change, whether allergies, respiratory
to ameliorate humamduced global environmental iliness, or the traumatic injuries relating to storms, floods
processes that provoke climate change such d bushfire. Collaborative health care: To proteslth

deforestation, desertification, depletion of freshwate rom the impact of climate change, doctors and other health

resources, and loss of biodiversity as well as use of fossmrofessmngls .W'" qeed to collaborate. with communities
fuel and organizations in areas such as disaster preparedness,

) ) - ) diseases surveillance and advocacy. On infectious disease

For instance, if our communities depend heavily onyransmission, itis important to note that community
activities, which require burning of fossil fuel, not only qjaboration to protect health from climate change is
would these increase greenhouse gas productions but al§geded so that outbreaks of climattated infectious
would increase pollution. Reduction in energy giseases are detected at the earliest possible stage. General
consumption must be a key part of the s@&t of practitioners will be required to assist withigic health
protecting health from climate change. In addition togirategies for monitoring the spread of diseases which are
mitigation, another important aspect of the solution isyransmitted by vectors such as insects. Major Adaptive
increased public awareness. Some of the internationairategies to Lessen Health Risks associated with Climate
efforts to address the issue of climate change and hum@,‘hange ( Horton and McMichael, 2009) a. Activities in
health as presented by La @onentatiorfrancaise (CTA  \yhjch the doctorand other health promotion professionals
Spore, 2008) include: In 1967, the first publication ongphoyld lead or participate .Public education, including in
global warming waspresented.1987: adoption of the pegithcare settings such as clinics, hospitals .Preventive
Montreal Protocol relating to substances which reduce thﬁrogrammes: E.g. vaccines, mosquito control, food
ozone layer .1988: Creation of the Intergovernmental Pa”‘ﬁlygiene and inspection, and nutritional sgppéntation
on Climate Change (IPCC) charged with scientific pyoyision of health care (especially mental health
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promotion and primary care) for communities affected byConclusion
environmental adversity, for example drying conditions in It is clear from this work that if our generation must

rural communities .Surveillance of disease, eSpeCial%rotect health from climate change, we must begin to
infectious disease and its key environmental, social anflesjgn and adopt ecologically acceptable strategies in all
biological risk factors for thse diseases .Forecasting future g activities, which ensures sustainability. In other words,
health risks from projected climate change .Health sectaystainability of our soceconomic efforts should ensure

workforce training (primary and incarer) to attune 05 the biosphere and its component ecosystems remain
climaterelated health risks b. Strategies that extend beyongh:-~t and productive, so that life on earth is able to

the former health sector . Education and massianed cqninye drawing sustenance from them. Climate change is

campaigns strong e”OEJQh to spark commi'tmgnt and aCt'oé]ready a threat to community wdlking. It is not onlyan
among governments, international organizations, donorg,conomic issue: it is a threat to our support systems. In the

civil society, business and communities, especially among,ming decades, doctors who are interested in the long
the young people to anchor health at the heart of the climajgy, heajth of their patients and communities will have a

change agenda. Creatioof awareness and public contra| role in the mitigation of climate change and in
understanding of the global and locally relevant healt reparing for and maging its adverse health impacts.

consequences  of climate  change.Advocacy  fOynergisciplinary and intersectoral partnerships from the
interdisciplinary and intersectoral partnerships from thg,.4| to international level that seek to improve health

local to international level that seek to improve healththrough rapid deployment of mitigation strategies to
through rapid dployment of mitigation strategies to giapilize climate change and

stabilize climate change and development of proactive
adaptation programmes to minimize health impact.
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7.

Role of Green Chemistryfor Pollution Control and Sustainable Developmenand
Conservation of Biodiversity

D.T. Sakhare
U.G, P.G. & Research Centre,
Department of Chemistry,
Shivaji, R&Sdebdce Collegekamabdist.Chhatrapti Sambhajinagar.

Abstract:

Biodiversity is critical for human welbeing and activities because it offers a broad variety of ecosystem services; hence

its preservation is urgently needed. At the moment, biodiversity is rapidly declining. After climate change, biodiversity
loss is tle second most significant global risk. The chemical industry plays a critical role in the development of
environmentally friendly solutions such as biobased goods and solutions that need the use of biomass.Chemical industry
represents a highly successfalctor of manufacturing and a vital part of the economy in many industrialized and
developing countries. The range of chemical industry is vast which makes an invaluable contribution to the quality of our
lives. However, the manufacture of chemical prodatgs leads to enormous quantities of environmentally harmful waste

and the health of the environment is declining rapidly. Despite the great success and importance of chemistry to our society
its public image has deteriorated. A major reason is thahthesiry is perceived as being polluting and causing significant
environment al damage. AfGreeno chemistry is an effort o
chemicals in the design, manufacture and applications of chemical prdgtests. chemistry efficiently utilizes renewable

raw materials, eliminates waste and avoids the use of toxic and/or hazardous reagents in the manufacture and applications
of chemical products thereby it plays an important role for pollution control andreuséadevelopment & conservation

of environment and Biodiversity.

Keywords: Green Chemistry, Chemical Industry, Sustainable Developargt€onservation of Biodiversity.

Introduction : water sources causing water pollution. The contaminated
ayater is thus unfit for both animal and human consumption.
It will also affect aquatic life since the organisms that live

in these water bodies will find their habitats inhabitdBle

Society has been very much benefitted from Chemic
products synthesized. Chemical industry represents
highly successful sector of manufacturing and a vital pa
of the economy in many industrialized and developin 1
countries. The range of chemical indysts vast which From all the described species of biodiversity, 6%
makes an invaluable contribution to the quality of our livesbelongs to fresh water. Effluent from Chemical Industry
However, the manufacture of chemical products also leaddrastically affects the aquatic life and thus affecting the
to enormous quantities of environmentally harmful wastebiodiversity.

and the health of the environment is declining rapjtily The pesticides are used to kill fungal or animal pests.

Atmospheric air is polluted by exhaust gases fromAs they are sprayed across the entire agricultural field
chemical industries which seriously affect Biodiversity. affects lives of many species. Also, most of the pesticides
Lower life forms are more affected e.g. Lichens,after their use remains in the environment get transferred
Bryophytes, Fungi. On land, Plants are more prone thathrough food chain andaoses many serious problems
animals. It is also observed that due topailution some related to reproduction raté6).

species declines but some expand to full fill space of Major problems in chemical production are handling
declined species. Contamination of soil by anything iS¢ waste, the search for environmentally tolerable
called Soil Pollution. It occurs when pollutants in the soilyrcedures, the preservation of resources, and the increase
reduce soil quality and make it inhabitable to organisms, the efficiency. Industry is increasingly realizing that
such as insés. In recent decades, the use of inorganiGnyironmental standards are a lifiel to profitability in the
fertilizers has increased dramatically. Chemical runoffhigmy competitive global and community markets that
from pesticides and fertilizers can degrade soil qualitygyist today. Thescal | ed 6triple bottom
Industrial development has been associated with botlitaneous economic, environmental and societal
physical degradation and chemical contamaradf soils.  penefits, is seen as a realistic evolutionary goal in chemical
The industry is also responsible for dumping 'ndusmalmanufacturing. This has led to the development of eco
chemicals and heavy metals (such as mercury) onto soil a’?ﬁ'endly chemical processes to replace the current

thus polluting it. Soil pollution can lead to the lack of ha7ardous processes. Hence, the drive is towardalkal
biodiversity in an ecosystem. The life of bird, insect,s Gy e en Chemi st r yo P 6Cleaner

mammal and rdge species who live in the soil can get
affected by pollution. The soil is an important habitat.
When it rains, surface ruoff carries contaminated soil into
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Results and Discussion avoided if possible, because such steps require additional

AiGreend chemistry s ancadgns@apdcangencfatle Wagd mi nating or
reducing the use and generation of hazardous chemicals @atalytic Reagents:
the design, manufacture and appliqations of chemical Catalytic reagents (as selective as possible) are
products. The concept of green chgmlstry was forr.nuIateguperior to stoichiometric reagents.
by Paul Anastas at the US EnvironmenRxotection . )
Agency (EPA) to address the environmental issues of botR€sign for degradation:
chemical products and the processes by which they are Chemical products should be designed so that at the
produced. The guiding principle is the design ofend of their function they break down into innocuous
environmentally benign products and processes, which idegradation products and do not persist in the environment.
gmbedded in the 12 principle Green chemistry, which Reaktime analysis for Pollution Prevention:
in short can be narrowed down as: Green chemistry ] )
efficiently utilizes renewable raw materials, eliminates Analytical methodologies need to be further developed
waste and avoids the use of toxic and/or hazardous reageffis@llow for reaitime, in-process monitoring and control
in the manufacture and applications of chemical productdrior to the formation of hazardous substances.
Green chemistry eliminates waste at source, i.e. it idnherently Safer Chemistry for Accident Prevention:
primarily pollution prevention than waste remediat[8n Substances and the form of a substance used in a

10_]' _ _ chemical process should be chosen to minimize the

Principles of Green Chemistry potential for chemical accidents, including releases,
These principles provides a frame work for learning€Xplosions, and fires.

about the green Chemistry and designing or improving It is now generally accepted that the two most useful

materials, products, processes and systems. measures or iGr een Metricso
Prevention: acceptability of chemical pro
the 6atom efficiency©o. One o

It is better to prevent waste than to treat or clean u

waste after it has been created. by the industry, can create a competitive advanihtje
Atom Economy: E Factor:

Synthetic methods should be designed to maximize the
incorporation of all materials used in the process into th
final product.

Bhemistry is to demonstrate that adoptof the principles,

E factor is defined as the mass ratio of waste to the
Yesired product. It takes the chemical yield into account
and includes reagents, solvent loss, all process aids and in
Less Hazardous Chemical Synthesis: principle even fuel; excluding water. Higher E factor means

Wherever practicable, synthetic methods should b&0re waste and consequly greater negative

designed to use and generate substances that possess IRff¢ironmental impact; ideal E factor being zero. So,
or no toxicity to human health and the environment. Chemical synthesis should be developed such that there is

minimum E factor.

Designing safer Chemicals:
. . . The concept of atom economy Among the
Chemical products should be designed to affect theipogenitors of Green Chemistry is Stanford Chemistry
desired function while minimizing their toxicity. Professor Barry Trost, who first proposed the concept of
Safer solvents and auxiliaries: 6atom economyd in 1973. The

The use of auxiliary substances (e.g., solvent is calculated by dividing the molecular mass ofdesired

separation agents, etc.) should be made unnecessaipduct by the sum of the molecular masses of all
wherever possible and innocuous when used. substances produced in the stoichiometric equti?h

Design for Energy Efficiency: Environment Laws in India:

Energy requirements of chemical processes should be "€ need dfor pr_otek;:ltlon an(fj cons;arvatlon of
recognized for their environmental and economic impact§nvironment and sustainable use of natural resources Is

and should be minimized. If possible, synthetic methodéefleCted in the constitutional framework of India and also
i ri the international commitments of India. The Constitution

should be conducted at ambient temperature and pressur, °
under Part IVA (Art 51AFundamentaDuties) casts a duty
Use of renewable feedstock: on every citizen of India to protect and improve the natural
A raw material or feedstock should be renewableenvironment including forests, lakes, rivers and wildlife,
rather than depleting whenever technically andand to haveeompassion for living creatures. Further, the
economically practicable. Constitution of India under Part IV (Art 48ADirective
Principles of State Policies) stipulates that the State shall
o ] endeavour to protect and improve the environment and to
Unnecessary derivatization (use of blocking groupsgafeguard the forests and wildlife of theuntry.Several
protection/ deprotection, temporary modification of epyironment protection legislations existed even before
physical/chemical processes) should be minimized Ofygependence of India. However, the true thrust for putting

Avoid Derivatization:
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in force a weldeveloped framework came only aftete  The Environment Protection Act, 1986:
UN Conference on the Human Environment (Stockholm,  the  Environment Protection Act. 1986 (the
1972). After the Stockholm Conference, the Nationabgpyironment Act’) provides for the protection and

Council for Environmental Policy and Planning was set Ujmynrovement of environment. The Environment Protection
in 1972 W|_th|n the Department of Science and Technology .t establishes the framework for studying, planning and
to establish a regulatory body toook after the jyplementing longterm requirements of environmental
environmentelated issues. safety and laying down a system of speedy and adequate

This Council later evolved into a feflledged Ministry ~ response to situations threatening the environment. It is an
of Environment and Forests (MoEF).MoEF wasumbrella legislation designed to provide a framework for
established in 1985, which today is the apex administrativehe coordination of central and state authorities established
body in the country for regulating and ensuringunder the Water Actl974 and the Air Act. The term
environmental protection and lays down the legadl  "environment" is understood in a very wide term under s
regulatory framework for the same. Since the 1970s, 2(a) of the Environment Act. It includes water, air and land
number of environment legislations have been put in places well as the interrelationship which exists between water,
The MoEF and the pollution control boards ("CPCB", ie,air and land, and human beings, other livingatures,
Central Pollution Control Board and "SPCBs", ie, Stateplants, micreorganisms and property.

Pollution Control Boards) tagher form the regulatory and \;o1ecular masses of substances produced

administrative core of the sector. . . .
Simply, when all the raw chemicals/materials are

Some of the important legislations for environmentqqqpjetely converted into the desired product, there will be

protection are as follows: no waste generated that is no pollution and there is less
1. The National Green Tribunal Act, 2010 effect on environment and biodiversity. Hence, chemical
2. The Air (Prevention and Control of Pollution) synthesis should be developedsinch way that almost all
Act, 1981 the starting material is converted to produd].
3. The Water (Prevention and Control of Pollution) gq,, Important Examplesof Green Chemistry:
Act, 1974 _ _
4. The Environment Protection Act, 1986 New and green synthesis of ibuprofen by BHC

. . N Company, green synthesis of Zolofhtegratedcircuit
These important environment legislations have beeBroduction. Removing Arsenic and Chromate from
briefly explained in the succeeding paragraphs pressure treated wooblew oxidants for bleaching paper
The National Green Tribunal Act, 2010: and disinfecting water, getting the lead out of automobile

The National Green Tribunal Act, 2010 (No. 19 of P @1 Nt s, recyclable carpeting
2010) (NGT Act) has been enacted with the objectives t§hlorinated  solvents, —biodegradablgolymers  from
provide for establishment of a National Green Tribunal€newable resources (e.g. PLA), use of green solvent like

(NGT) for the effective and expeditious disposal of caseSUPercritical C@ water, ionic liquids and ethyl lactate etc.
relating to environment protection armbnservation of 10 designing chemicals and déuction of biodieseby
forests and other natural resources including enforcemeSf€€N reaction. Extraction of caffeine from coffee, dry
of any legal right relating to environment and giving relief¢/€aning of cloths usingsupercritical CQ instead of

and compensation for damages to persons and property agrchloroethylene, green synthesis of adipic acid (raw
for matters connected therewith or incidental thereto. ~ Materialfor polymer) from glucose by e coli bacteria. Use
of TiO; as a green catalyst in developipigptovoltaic cells

The Air (Prevention and Control of Pollution) Act, 414 in synthesis etc., use of biomass as renewable resource

1981: instead ofpetrochemicals, uses of catalytic reagents and
The Air (Prevention and Control of Pollution) Act, enzymes in synthesis. Replacing conventiotekic

1981 (the "Air Act") is an act to provide for the prevention,pigment by synthetic azo pigmenise of biodegradable

control and abatement of air pollution and for thedetergent, biopesticides instead of organohalogen

establishment of Boards at the Central and State leviis w pesticides in agriculture. Microwave and ultrasound

a view to carrying out thaforesaid purposes. assisted synthesis aedso important examples of green
The Water (Prevention and Control of Pollution) Act, ~ Cnemistry[14-16].
1974:

The Water Prevention and Control of Pollution Act,
1974 (the "Water Act") has been enacted to provide for the
prevention and control of water pollution and to maintain
or restore wholesomeness of water in the country. It further
provides for the establishent of Boards for the prevention
and control of water pollution with a view to carry out the
aforesaid purposes. The Water Act prohibits the discharge
of pollutants into water bodies beyond a given standard,
and lays down penalties for namompliance.
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chemicals or products (green) which are iidmazardous

to our health and environment. These facts can minimize
BT the problem of global warming or climate change issues to
some extent.

e b Protecting Our Health by Preventing Pollution:

Protection Purification

Preventing pollution or 0s
practice that prevents or reduces pollution at the source.
That means using raw materials, energy, water, land and
other resources more efficiently thereby reducing or
G;:t"h:;:" ot eliminating the generation of wastellptants. Pollution

prevention process also reduces the quantity and toxicity of
waste generated. By minimizingthe use and production of
Solar Energy hazardous materials we can prevent those substances from
entering the air, water, soil and food chain. This process is
Figure 1: TiO2 as green catalyst an egsential tool for decreasing public health ri§I.<s and for
' assuring healthy people and healthy communities (EPA,
Global Environmental Issues 1995). Environmental pollution is a worldwide problem
Climate Change like Global Warming and its potential to influence the health of the human
population is great. Pollutioneaches its most serious

| iod of timah h both proportions in the densely settled urkbadustrial centers
OVer a long period of IMELNESE changes can occur botN of ypa mgre developed countries. The air we breathe is an

regionally and globally. The. main causes of it are theessential ingredient for our wellbeing and a healthy life.
greenhouse gas (GHG) and its effects are global warmingq 1 nately poliuted air is common throughout the
and air, water, land pollution. The atmospheric temperatur,

; i . . fvorld, especially in developed countries. The main
of the Worldlls.gomg to increase day .bY.daY duetcedfilt_ pollutants found in the air we breathe include, particulate
human activities and modern civilization, Chemical

) . : matter, PAHG6 s, heavy metal s,
industry and transportation are the largest contributors 2

the greenhouse effect, due to their expulsion of the,CO
VOC& etc. VOGs are found in a wide variety of common

Climate change is a global modification of the climate

itrogen, sulfur etc. The water we drink is essential for our
ealthy life. WHO statesthaine si xt h of t hi

; ) . . opulation does not have access to safe water. Polluted
products like paints, cleaning products, pesticides, glue

dhesi d fuels. Envi Iy th ol water consists of industrial discharged effluents sewage
adhesive and U€ls. nV|r'onme|_1ta yt ese are prob emat\f/ater, rain water pollution and polluted by agriculture or
because they react with oxides of nitrogen in th

L ) households cause damage to human health or the
troposphere to form ozone, which is a large Gbator to

lobal . The first step t ve this i , tenvironmentlmproper management of solid waste is one
giobal warming. 1he first step 1o Solve this ISSU€ IS 105¢ the main causes of environmental pollution. Land

educate 'ghqse . who are unaware of this g_Io_b ollution is one of the major forms of environmental
problem.Eliminating environmental effects and toxicity catastrophe our world is facing tod4g1-23]. We are

before they generate, rather than trying to clean up th olluting our nature (water, air, soil) by our different

hazard afteritey have been created_, are the work for th ctivities like industrial and automobile exhaust and by
future. Recent researches seem to indicate thatc&®be sing different chemicals 1ik

_kept %Ut of the e;tmoipher:e fcl)(r man);] centl_JrIi(gs i _relehasegnd pesticides etc. The contaminated water we are drinking
Into the sea, wherphytoplankton when sinking In the o4 o) 1yted i we are breathing and the polluted land we
seaﬂqor takes the carbon with it. On the othe_r hand, glob re using for proucing crops what we are eating, all these
warming can be addressed through behavioural changg, s making our health in problem. Application of green

€missions reductlpns and renevyaple fofm_s of energ3{:'hemistry in different fields and industry can reduce all
community education and a new vision. This is because e

the most part, CO2 and other GEiGare humanly induced Cr\;r(]js_of pollution of our nature and a healthy environment

- ; give us a healthy life.
emissions and caneb controlled. There are choices )
regarding sustainability open to the world but steps must beeating the Clean Energy Future
taken now. Global Warming and Climate Change are Energy that we are using now is mostly coming from
global challenges and the consequences are indeed diregasver stations that use coal anetqwleumoil. The power
we have seen and experienced lately, all over the wiorld. stations burn fossil fuels to make our electricity and in that
behooves us all therefore, especially governments, tpr ocess a LOT of GHGO6s are m
ensure stringent policies and compliance to well knowrCH4 et c . The GHGOd6s overheat t
safety principles that will curb these menace, lack of whicltlimate conditions. It is understood that this will cause
is tantamount to the extinction of not just some species ofore extreme wather, thespread of diseases and threaten
animals and plants baso of the human radd7-20] .  the habitat of all living things. Diesel or petroleum oil we
Industrial collaboration of green chemistry institutes /are using to run machines in different industries and to run
scientists, use of biodiesel to run vehicles and machinescane hi cl es t hat al so produce a
reduce the production of gGlHf@ssesar¥itoenevaesoardesodendrgy dedatisz t h e
GHG by making the products in a green way and usingve can use the amount that is available in our planet only.
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We have already found ways to tap into the energy of thampacts of these five key drivers have been increasing over
sun, wind, waves and water, amongst other things. Thedbe years despite global and national commitments to
sources of energy produce negligible amounts of GHGeduce biodiversity loss (Millenium Ecosystem
once operating. They are also renewable which means théyssessment, 2005). Over the lasntury, humans have
can be used over and over agaimggh Cross, Australia). come to dominate the planet. Ecosystems are being rapidly
Access to clean, affordable and reliable energy has beera#tered and the planet is undergoing a massive loss of
cornerstone of the world's increasing prosperity andiodiversity. Biodiversity is the variety of different forms
economic growth since the beginning of the industrialof life on earth, including the different plants, animals,
revolution. Our use of energy in the tweifiyst century  micro-organisms, the genes they contain and the ecosystem
must al® be sustainable. Solar and wabased energy they form. It refers to genetic variation, ecosystem
generation and engineering of microbes to produce biofuelgriation, species variation (number of species) within an
are a few examples of the alternatives. These alternativarea, biome or planet. Biodiversity is the life support
opportunities and pathways could lead to a prosperousystem.

sustainable and secure energy futiorethe world. Solar,  Natural Resource Depletion:

wind and water are examples of clean energy sources we . ,
have started to use [24]. As the human population increases and economies

deel op, wedr e uresbuncgs, mtenalethen at ur
earth provides that enable economic gain. These substances
Agriculture accounts for the major share of human usénclude minerals, forests, water, fertile soil and more. In
of land. Crop and livestock production have a profoundnany cases, wedre using these
effect on the wider environment. They are the main sourcean replenish them [27]. The main causes of natural
of water pollution by nitrates, phosphates and pesticidesesource depletion are global overpopulation, poor framing
They are also the majorantbr@ g e ni ¢ s o ur c gexees$s use bfehe@iehls forscultivation), deforestation and
methane and nitrous oxide, and contribute on a massiveuman civilization which lead to soil erosion and over
scale to other types of air and water pollution. The extentonsumption of natural resources. Effects of the above
and methods of agriculture, forestry and fishing are theome to our nature like water shortage, fossil fuel
leading causes of loss of the world's biodiversity.depletion, extinction of species, loss of forest cover and
Agriculture also affects the basis for its own future throughdepletion of minerals etc. The above problems can be
land degradation, salinization, the over extraction of watesolved by controlling deforestationreducing natural
and the reduction of genetic diversity in crops andresource (oil, mineral & material) consumption, more
livestock. (FAO, UN). Pollution of mpundwater by exploration and use of renewable energy resources,
agriculturalchemicals and wastes is a major issue in almogprotecting wetlands & coastal ecosystems and creating
all developed countries and, increasingly, in manyawareness amongthe people throughout the world. Our
developing countries. Pollution from fertilizers occursmain natural resource is falskiel which is depleting day
when these are applied more heavily than crops can absotly day due to the growing need for energy in human
Excess nitrogen and phosphates can leath ground  civilization. The most obvious solution to the issue of
water or runoff into waterways. Agriculture is also a source overconsumption of natural resources is to slow down the
of air pollution. It is the dominant anthropogenic source ofrate of resource depletion. Less consumption naturally has
ammonia and is a major source of GHG emissions. lhegative effects on our economic growth so instead, we
releases large quantities of carbon dioxide through thewust look to curb consumption rates while allowing for
burning of biomass, mainly in areas a@dforestatiorand  new industries suchs biorefinery renewable energy and
grassland. There is good evidence that delaying andther recycling technologies to flourish and deflect some of
reducing the rates of fertilizer application can reducghe economic burden [28]. Usef renewable energy
overall costs and pollution without hurting yield [25]. resources like photovoltaic solar energy cells, hydrogen
Loss of Biodiversty: fuel cells, wind energy and hydro energy and use of bio fuel

. . . ) i . in‘a green way can solve the problem to much extent.
Biological diversity appears to be in trouble, despite

numebus initiatives at the globahational, regional and Conclusion

local level to halt its loss. The convention on biological Green chemistry will be one of the most important
diversity (CBD) def i nes Dbfieldsdin theefutlwd. Scofentisiss Biofogish engineers and b i |
among living organisms from all sources, includingindustrialists should work together to promote the
terrestrial, marine and other aquatic ecosystemslevelopment of this field. There is no doubt that the
Biodiverse ecosstems provide multiple goods and development and implementation of greemrolstry will

services, such as climate regulation, carbon sequestratiazgntribute greatly to pollution prevention and thus will play
pollination, seed dispersal, food control and recreatiomn important role in Conservation of Environment and
values [26]. Neertheless, biodiverse ecosystems Biodiversity.However from the above discussion it is very

i mportant Al i veli hood a-s s dearghat Gragm Ghemistnyhalome ltanniotisatva the pressihgl
being is overtly dependent through a range of ecosystemnvironmenrdél concerns and impacts to our modern era
services. The main drivers of decline in biodiversity arecb ecause i tds a very small, vyo
habitat change, invasive alien species, and overeapitnit comparing to our old environment, but doing more

of species, pollution and increasingly climate change. Theesearch, study and collaboration with industry we can

Environmental Issues with Agriculture:
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minimize the toxic effect of chemicals and industry to ourimplementing the twelve principles of green chemistry into
environment and aware people around the world aboyiractice will eventually help to pave the way to a world
using hazardous things and chemicals and how greemhere the grass is greener.

chemistry can give us a safe environment.

By
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Abstract:

One pot multicomponent synthesis otlloro-3-formyl quinoline and its derivatives3& f) (Schemel) are
prepared from heating different anilindsd f) using acetic anhydride, DMF and P@&i 8590°C for 8-10 hrs. Progress
of the reaction was monitored on TLC.

Initially, a model reaction is carried out between aniline (1 mmol), DMF (3 mmol) an&PO@ol) for the optimization
of reaction condition at different temperature (Table 1). In this optimization study, good yield was obtain€® & 85
Therefore, a series of reactions was carried out using different aniline (1 mmol), DMF (3 mmol) asd7/P@@bl) at
85-90°C for the synthesis of-2hloro-3-formyl quinoline derivatives as given in Table 2.

Keywords: Acetic anhydride, DMF, POg;| 2-chloro-3-formyl quinolone.

Introduction : and total synthesf, including recent endeavors in
The thesis encompasses not only the exploration 0<11tereoselectiv”eand enantioselectidetotal syntheses.

quinoline but also delves into its derivatives, reactivity, and  Chimanine alkaloids, simple quinolines isolated from
chemical behaviour. However, the focal point of the thesi&alipealongiflora tree bark in the Rutaceae family,
is primarily our group's concerted efforts towardsdemonstrate effectiveness against Leishmania species, the
synthesizing quinoline derivatts and conducting a causative agents of leishmaniasis in tropical South
comprehensive study on their biological activity. American regions, particularly the AmaZan forest,
Quinoline, characterized by its benzo condensedryptoleping® an indoloquinoline alkaloid from the West
heterocycles containing a nitrogen atom, serves as African shrub Cryptolepissanguinolenta, finds use in
fundamental component (Fig. 1.3). It acts as a buildindgraditional medicine for treating malaria and various other
block for naturally occurrig alkaloids found in various disease$.Numerous quinoline derivatives exhibit diverse
plant species' families. Throughout history, mankind hagpharmaceutical activities, including antiplasmodial,
harnessed these alkaloids, formulating drugs that eithéntrinsic? cytotoxic® functional}® antibacterial?
alleviate pain or inflict anguish on the soul when abusedantiproliferative’®  antimalaria®* and  anticancer
Quinoline, identified as a nitrogesontaining heteroclic  properties® Tetrahydroquinoline derivatives have been
aromatic compound, goes by various names such- as &xplored as potential drug candidates against type |l
azanaphthalene, -denzazine, or benzo[b] pyridine. Its diabetes®depression! and more. In addition to their roles
distinctive feature lies in a doubl®nded ring structure in addressing inflammatidhand heart failuréquinolines
where benzene is fused to pyridine at adjacent carbgplay a crucial role as synthetic materials for crafting nano
atoms. With the chemical formal GH7N, quinoline and mesostructuréd. Their versatility extends to
presents two isomers, differing solely in the position of theapplications as  catalysts, corrosion inhibitors,
nitrogen atom within the ring. preservatives, and solvents for resins and terpenes. Within

Quinoline derivatives stand out as a prominent class dfansitionmetal  complex  catalyst ~chemistry, ~ they
Lontribute to uniform  polymerization, luminescence

heterocycles with a history dating back to the late 1800s; ; X ; X _
featuring numerous known preparations. The quinolinéh€mistry, andesve as antifoaming agents in the refinery

moiety serves as the core structure for various naturd€'d: The combined industrial, biological, and synthetic
products, particularly in alkaids. Figure 1.4 illustrates Significance elevates the quinoline scaffold to a
some naturally occurring quinoline derivatives. distinguished position.

The historical journey of quinoline commenced in,  Quinoline, a mild tertiary base, undergoes salt
1820 with the isolation of quinine (1) as the activefor_mat'on in acidic conditions and_ demonstr_a_tes regctlons
component from Cinchona tree bark. Quinine replacec?k'nto those of benzene and pyridine. It participates in both

crude bark in treating malaria and, despite its moderatg'ectrophilic and nucleophilic substitution reactions.
efficacy and tolerability, continues to playcrucial role in ~ >cientist Taylor employed the mjysis of (x-quinolyl)
treating multiresistant malarid. Beyond its medical ethyl acetate to directly assess the electrophilic reactivity at

applications, quinine has held significance in Org‘,jmi(’position.x.21 From this method, Taylor derived significant
Chemistry, serving as a target for structural determinatioffonclusions.
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Experimental Section Initially, a model reaction is carried out between
aniline (1 mmol), DMF (3 mmol) and POGI7 mmol) for

tube and were uncorrected. IR spectra were recorded wifi€ OPtimization of reaction condition at different
potassium bromide pellets techniqué] NMR spectra emperatur¢Table 1).
were recorded on AVANCE 300 MHz Spectrometer inTable 1: Optimization of the reaction conditions

All melting points were determined in open capillary

DMSO using TMS as internal standard. Mass spectra wefg-:v | Temperature €C) | Time (hr) | Yield (%
recorded on a FT V@070 H Mass Spectrometer using El Y & () (hr) ()
technique at 70 eV. All the reactions were monitored by 1 70-75 10 40
Thin layer chromatography. 2 75-80 10 52
Material and Methods: 3 80-85 8 56
Multicomponent  synthesis of  2chloro-3-formyl 4 85-90 8 69
quinoline derivatives. 5 90-95 7 61
One pot multicomponent synthesis ofciloro-3-
formyl quinoline and its derivative8& f) (Schemel) are 6 _951(_)0_ : 8 : 56 :
prepared from heating different anilindsi(f) using acetic In this optimization study, good yield was obtained at
anhydride, DMF and POght 8590 °C for 810 hrs. 8590 0C. Therefore, a series of reactions was carried out
Progress of the reaction was monitored on TLC. using different aniline (1 mmol), DMF (3 mmol) and P@CI
Ri Aceti . Ri CHO (7 mmol) at 8590°C for the synthesis of-2hloro-3-formyl
cetic anhydride AN - e .
quinoline derivatives as given Trable 2.
DMF, POCl, /85-90 °C Ve Table 2: Synthesis of Zhloro-3-formyl quinoline
Ry NH, R; N” el -
derivatives
R3 R3
(1af) (Scheme-1) (a)
Reaction | Yield | Melting
Entry | Compound | R: R2 Rs Time (%) | Point
(hr) (C)

1 3a H H H 8 69 | 145146

2 3b H H CHs 8 71 | 136138

3 3c H CH; | H 8 72 | 146148

4 3d CHs | H H 8 70 | 120122

5 3e H OCH; | H 8 72 | 190192

6 3f OCH; | H H 8 70 144146
Resultsand Discussion reaction time, high yield, simple experimental technique

) B ) . and compliance with green chemistry protocols.
Multistep synthesigs the process of taking a readily

available compound (one you can buy) and converting it . Since quinoline and its deriyatives are known for their
into the compound you need using chemicalWide spectrum of pharmacological activities, a number of

reactionsMultistep ~ synthesequire more  than synthetic methods have been developed from time to time
onestep(reaction), and so one or more intermediatefor their synthesis by conventional, homogeneous, and

compounds are formed along the wirypresent work, we N€térogeneous — acithtalyzed — metbds; rareearth

report novebne pot multicomponent synthesis e¢#loro- catalyzed, transition metahtalyzed, radicalcatalyzed,
3-formyl quinoline and its derivatives. microwaveassisted, ultrasourgiromoted, or solvertee

) o ) ) conditions, and many more. This book chapter will be very
|n0th|3 optimization study, good yield was obtained at,sefy| 1o the researcher working in this field, and it would
85-90°C. Therefore, a series of reactions was carried Ouﬁelpthem to develop new synthetic methods for the potent

using different anilines (1 mmol), DMF (3 mmol) and gyingline derivatives with good or enhanced biological
POCE (7 mmol) at 8590 °C for the synthesis of-2hloro- activities for the future.

3-formyl quinoline derivatives as given irable 2.
, Aconowledgements:
Conclusion: .
) . The authors are thankful to the Principal, Degloor
In  conclusion we have developed a simplecgjlege, Degloor for providing laboratory facilities and the
multicomponent methodology for the preparation Ofpjrecior, Indian Institute of Chemical Technology,
substituted quinoline derivatives. The advantage of th'?—lyderabad for providing spectra.

method are extremely mild reaction conditions, short
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Synthesis Of Bioactive 3,4ihydropyrimidin -2(1H)ones :Green Approach

Arshia Parveen
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B.RaghunattACS College, Parbhani.

Abstract:

An efficient and rapid onpot synthesis 08,4-dihydropyrimidin2(1H)oneds carried out at room temperatune
the presence of molecular iodine(10mol%) by grinding the mixture of benzaldehyde , ethyl acetoacetate , Urea and
ammonium acetate Excellent yield in short reaction time is characterized by simple work up procedure and efficient
recovery. The3,4-dihydropyrimidin2(1H)oneswere synthesized and tested for antibacterial effects agaatiius
Subtilis, Escherichia colj Staphylococcus aureusnd Pseudomonas aeruginosal'he antibacterial screening of the
synthesized compounds was performed in vitrathwy filter paper disc diffusion method and it is found that 3l
dihydropyrimidin-2(1H)onesshow good antimicrobial activity.
Keywords: Benzaldehyde, ethyl acetoacetatesay ammonium acetatate, iodine.

Introduction: condensation of aromati c al d
3,4-Dihydropyrimidin-2-(1H)-ones is a significant methyl acetoacetate, gmnium acetate.and acetic a'cid in
heterocycle due to their interesting biological andrefluxing methanol which afforded desired product I? very
pharmacological activities such as antibacterial,ﬂO or yi e I_ d even a_f ter _l bng re
antitumour, antiviral and anithflammatory activities 3, 4d|hydr02—pyrldones was synthesized by seitiase .
Several alkaloids have been isolated from marine sourcisy nthe sts using Wang resin f
which contain the dihydropyrimidine core unit. Most etoester. Using microwave |rrad|1at|on as glternatwe to
notable among these are the batzelladine alkaloids whiciPVentional heating. Mohan etahave discovered a

were recently found to be potent HIV 420-CD4 simple, 'o'n_qoot_ copversion of 4’5”""“”06'
inhibitor<.Previously different derivatives of , 34 chloropyrimidine in equimolar amount of sulfur in DMF to

; Lo o . 90i 100°C for 17 h. Mohammad et &t in 2009 reported
dihydropyrimidin2-(1H)-ones have dxbited calcium
c hya npyn el (mo)dimdgcmitsts arel , neurdpeptide the use of =Zhloropyridine (2CIPyr) with trifluoro
Y(NPY) antagonist The pyrimidine ring is an integral part metha.me.sulfonic anhydride_(TfZO) as a versatile rgagent
of various natural productand serves as a building block comPpination for the synthesis of pyrimidine and pyridine

for various pharmaceuticals and biopolymers. It also had€rvatives.
very good coordinating ability similar to pyridyl ligands in Result and Discussion:

supramolecular metallogritike architecturé Since 3,4dihydropyrimidin2(1H)ones and 3;4
Pyrimidopyrimidine are also known to be inhibitors of gihydro.2-pyridones serve as valuable building blocks in
tyrosine kinase of the epidermal growth factor receptoghe” construction of piperidines, perhydroguinolones,
family® Numerous reports delineate the antiturhor, jhqolizidines, quinolizidines and other  alkaloid ring
antiviral® and antioxidarft activity of these compounds. systems and have a wide range of biological and
Recently, considerable attention has been focused on tharmacological activities.11 .Recently, molecular iodine
development of new methodologies to synthesize manj,q received considerable attention as an inexpensive,
kinds of pyrazolopyrimidine ring systefsindeed, these hontoxic, readily available catalyst for various organic
compounds are widely recognized as important organigansformations, affording the corresponding products in
materials with interestingiological activities'. The most  oycellent yields with high edectivity. The mild Lewis
important biologically activeompounds of this class are 4jgity associated with iodine enhanced its usage in organic
the formycin, allopuriol, and their corresponding gynthesis to realize several organic transformations using
nucleosides. stoichiometric levels to catalytic amount. In a model study,
A number of synthetic methods for the preparation ofin the presence of molecular iodine(10mol%) thiture
pyridones and pyrimidines have been reported in theof benzaldehyde 1a , ethylacetoacetatd2drea 3a and
literature due to its broasbectrum biological activities and ammonium acetate was grind at RT temperature after 20
its skeleton. In this section we have reviewed some of thein reaction was completed( progress of reaction
important synthetic methods for the preparation 043 monitored by TLC) a single spot corresponding te3,4
dihydro-2-pyridones and 3,4 dihydropyrimidones;3,4 dihydropyrimidin2(1H)ones 4. The pure product was
dihydropyrimidin2(1H)ones which have appeared in theisolated by column chromatography and fully
literature recently. Svetlik et*8lreported the synthesis of characterized.
4-substituted aryB,  4-dihydropyridones, from
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R 145.7 corresponding to ethoxy carbon and C=N

respectively, elemental data confirms with the structure of
@ M b omoss O ‘ NH 4ah and corresponds to the knowata(Scheme 1).

—_—

Hy N, 0AC,RT e W0 The variety of aldehydes and ethylacetoacetate, urea
H summarlzed in Table 1. This protocol is rapid and efficient
R= Et 2a 3a = 4br the preparation of several, 3+-dihydropyrimidin
p 2(1H)ones 4#& from both electrons efficient as well as
R=Me 2b electron deficient aromatic aldehydes. The aryl groups
Schemel.Green synthesis of 3 4-dihydropyrimidin -  substituted with different groups did not show any effect on
2(1H)ones in high yield catalyzed byal the formation of 3 4-dihydropyrimidin2(1H)ones. A
The IR spectrum of 4& showed absorption at 1565, nearly stiochiometric amount of ammonium acetate was
1638 and 3438 cri corresponds to C=C, C=NNH used in the course of the reaction, whereas previously a
respectively. The 1H NMR spectrum of -Aashowed mar}yfold of ammonium acetate was required. This is an
singl et of three protons aaij‘?'“o"‘a' adga_ntggg of tgeonpvreléngtlaogop%ys to eth
group, multiplet for 25768 pable2: Syntkesis oh3,4ihydepynimidm i-2GLH)ongs 7 .
for aromatic proton and 12.52 (brs, 1H) corresponds to
NH. The 13C NMR spectrum showed peaks at U0 54.6 and
Sr.No Urea (Ba) Aldehydes Pyrimidines(4a-d) Time aYield
Ethylaceto (min) (%)
Acetate(EAA) 2a

01 CHO 18 92
pil °
HyN NH © EtO | NH
3
a *O

L I
02 QOMe 16 95
o CHO
HZN)LNH2 i
EtO | NH
OMe HsC N/AO
H 4b
03 0] CHO 15 88

04 o] H 24 95

I
N
Z\F
P
T
N
OOO
I T
(@)
m
@]
O
z
I

Methyl Aldehyde Pyrimidines (4e-h) Time Yield
Acetoacetatate (min) (%)
MAA(2b)
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05 20 92
j CHO o
HonT NH2 @ MeO | /tl

HaC N O4e
06 0 o NO, 18 o1
HZN)J\NHZ o
MeO I NH
- HsC H/go 4f
07 0 18 90

08 0 CHO OMe 20 90

OMe MeO ‘ NH

25% EtOAc in petroleum ether as eluent to yield the

desired substituted 4dimethylcyclohwxanel,3-dion
The 1HNMR spectra were recorded on a Bruker-AC 4ah) in excellent yields of 885% and were fully

200 spectrometer with TMS as internal standard with 20Qn5racterized in the form of IR, 1H, 130QVIR spectral and

MHz frequency; chemical s Bdpedtafandyses ah€abs@pectréstofy. " €POT t ed
parts per million (ppm) relative to the central peak of the

solvent. 1HNMR Spectra are repode in order: Antimicrobial Activity:
multiplicity, approximate coupling constant (J value) in The antibacterial activities of the synthesized
hertz (Hz) and number of protons; signals werecompounds (4f) and (4g) were studied against four bacteria,
characterized as s (singlet), d (doublet), t (triplet), mviz. Bacillus subtilis (G+), Escherichia coli {§
(multiplet), br s (broad signal). The 13MMR spectrawere Staphylococcuaureus (G+) and Pseudomonas aeruginosa
recorded at 50 MHz; clnei ¢ a | shi fts (U0 (&)Fottke)eteatioreof antbacterialt aetidities, the filter
in parts per million (ppm).IR spectra were recorded on ATlpaper discs diffusion method was uSedStreptomycin
MATTSON RS1 FTIR spectrometer. Melting points were sulphate was used as positive control. Nutrient agar (NA)
recorded in an open capillary. The crude products were/as used as basal medium for test bacteria. The discs were
purified by column chromatography using silica geli(60 prepared by impregnating them in methanol solution of
120 mesh size). each samipe (1 mg/1 mL). Each culture was prepared to a
General procedure for synthesis of-8jydropyimidin- turbidity equivalen_t to McF_ar_Iand and spread on the test
2(1H)ones in high yieldatalyzed by 12: tube. The paper disc con_talnmg_ the compou_nd was plat_:ed
. ) on the agar surface previously inoculated with suspension
A mixture of Urea/thiourea 3a, 3b (4 mmol), ot each microbe to be tested. All detinations were made
substituted aldehydes 1a (4 mmol), ammonium acetate (3} guplicate. Inhibition diameter was determined after
equivalent), ethylacetoacetate (4mmol) and moleculag,cpation at 37°C + 1 for 24 h. The antimicrobial activity
iodine (10 mol %) was stir for the appropriate time \y4s indicated by the presence of the clear inhibition zones
mentioned in Table 2. The completion of reaction was;rgund each disc. Minimum inhibition concentration: The
monitored by TLC using 25% ethyl acetate in petroleumygtgminations of the minimum inhibitory concentration
ether. After com.pletlon of reaction, the reaction mlxture(N”C), the serial dilution technique was followed using
was diluted with water (25 ml). The solid 3,4 ,irientbroth medium. The MIC was defined as the lowest
dihydropyimidin-2(1H)ones products, which separatedconcentration of samples that had restricted the growth of
out, were filtered, washed with sodium thidphate and yicrobial. The MIC value of compound §) was
dried. The crude products, thus isolated, were pure (singl§etermined against Escherichia coli jG
spot on TLC). They were subjected to further purification
by chromatography through a column of sigal using

Experimental procedure:
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Table 03 Antimicrobial Screening of 4f &4g AcknowledgmentAuthor wants to thanks Dept. of
Organism 3,4 Streptomycin Chemistry and Principal B. Raghunath ACS College
dihydropyrimidin - | sulphate Parbhani.
2(1H)ones(4f &49) _ Spectral data:-
Bacillus subtilis 135 + 03 2200 £ O3

Methyl-4-(4-methoxyphenyl)1,4,5,6tetrahydro -2-
methyl-6-oxopyridine-3-carboxylate (4h):

Staphylococcus - 22(5 + (7

aureus M. P. (OC) 1188189

Escherichia coli 12.5+ 43 220 + (0 IR (CHCI3, cm1) : gmax 1038, 1215,

Pseudomonas - 22{0 + G0 3019, 3218.
Laerugmosa______ | | 1HNMR :d 2.40 (s, 3H), 2.6@.72 (dd,

J=16.5, 1.3 Hz, 1H), 2.93.03

(200 MHz, CDCI3)  (dd, J= 16.8, 7.5 Hz, 1H), 3.66 (s,
3H), 3.75 (s, 3H), 4.22.26

(t, 1H), 6.766.79 (d, J= 8.0 Hz,
2H), 7.087.09 (d, J= 7.8 Hz,
1H), 7.90 (brs, 1H)

13C NMR :d18.8, 37.7, 38.4, 51.6, 55 7,
106.8, 114.3, 128.8, 133.5, 146.8,

(50 MHz,CDCI3) 158.0, 167.3, 170.2.

Elemental Analysis : C15H17NO4 Calcd. C, 65.44; H,

6.22; N, 5.09.

Fig: Diameter of the zone of inhibition (mm)
- . . Found C, 65.34; H, 6.09; N, 4.98.
Antimicrobial Screening:

The antibacterial activity of compounds (4f) and (4g)Methyl-4-(4-nitrophenyl)-1,4,5,6tetrahydro-2-methyl-
has been assayed at the c &ROWHipe3Lahoylate Hhoo e¢g/ mL again
four human pathogenic bacteria. Among them two wereéM. P. (0C) : 208209
grampositive and the other two were gram negative. Theg (CHCI3, cm1) . gmax 1159, 1215,

inhibitory effect of compounds (4f)nal (4g) against these 1573 1702 2400. 2953. 3240.
organisms are given in Table 3. The screening results ’ ' '

indicate that compounds was active against a grarﬂaH NMR :d 2.45 (s, 3H), 2.62.72 (dd,
negative bacteria, Bacillus subtilis and Escherichia coli J=16.6, 3.0 Hz, 1H), 2.92.06
with a mean zone of inhibition 8+ (3, 125 + @3 mm (200 MHz, CDCI3)  (dd, J= 15.1, 3.0 Hz, 1H) 3.65 (s,
(Table 3).Determination of the minimum inhibitory 3H), 4.344.37 (t, 1H),
concentration (MIC): The active sample in the disc _

diffusion method was then tested for its activity by the (553371(3') Jg f 42(:; Zle ';)bSHOZO
serial dilution method to determine the minimum inhibition 2H)., T ' ' '

concentration (MIC). The MIC value obtained f8r4-
dihydropyrimidin2(1H)oneswas 1000 eg/ MBCNMRyai nst :d19.3, 37.6, 37.9, 65.1, 105.8,
Bacillus subtilis and Escherichia coli. 124.1, 127.4, 147.3, 149.5, 166.8,

Conclusion: - (50 MHz,CDCI3) 170.2.

In conclusion, we have developed a mild, simple,Elemental Analysis : C14H14N205 Calcd. C, 57.93; H,
straight farwarg convenient and green protocol for the 4.86; N, 9.65.
synthesis of a library of Synthesis of bioactive -3,4 Found C, 57.82; H, 4.78: N, 9.55.
dihydropyrimidin2(1H)ones  with  shorter reaction
time.3,4-dihydropyrimidin2(1H)onesw a s 1000 eg/ mL
againstBacillus subtilisandEscherichia coli
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10.

Review on Emerging Heterocyclic Frameworks for Multifunctional Biological
Applications

Dr. Bhagwat R. Gurme
Department of Chemistry,
Late Shankarrao Gutte Gramin Arts,
Commerce & Science College, Dharmapuri, Beed,

Abstract:

Heterocyclic compounds constitute the core of modern medicinal chemistry, with more than half of clinically approved
drugs containing at least one heterocyclic ring. In recent years, significant attention has been directed toward emerging
heterocyclic frammworks that exhibit multifunctional biological activities such as anticancer, antimicrobial, anti
inflammatory, antiviral, antidiabetic, and central nervous system effects. These frameworks, often characterized by fused,
hybrid, or highly substituted ringystems, demonstrate enhanced target specificity, improved pharmacokinetic properties,
and reduced toxicity. This review provides a comprehensive overview of emerging heterocyclic frameworks, emphasizing
their structural features, nomenclature, synthaticserations, biological applications, and representative case studies.
Recent literature trends highlight the growing importance of heterocycles as privileged scaffolds in multifunctional drug
design.

Keywords: Emerging heterocycles, multifunctional drugs, medicinal chemistry, bioactive scaffolds, heterocyclic
frameworks

Introduction : Hybrid Heterocyclic Frameworks.

Heterocyclic chemistry plays a pivotal role in Hybrid frameworks are formed by linking two
pharmaceutical and biological sciences due to the uniqUgtterent heterocyclic moieties, such as triazglginoline
electronic and structural  properties imparted  bYyq, jhgolg benzimidazole hybrids. These compounds are

heteroatoms such as nitrogen, oxygen, and sulfur. Thgagigned to exhibit dual or synergistic biological activities.
continuous emergence of drug resistance, complex

diseases, and mulirget therapeutic requirements hasSPiro and Bridged Heterocycles
driven the search for novel heterocyclic frameworks  Spiro heterocycles possess a shared quaternary atom
capable of interacting with multiple biological targets. between rings, providing threimensional architecture

Emerging heterocyclic frameworks differ from thatenhances receptor selectivity.
classical heterocycles by their structural novelty, fusiorNomenclature  and Representative =~ Emerging
patterns, hybridization with other pharmacophores, andHeterocyclic Frameworks
multifunctiorja_tl biological profiles. These framew_orks Nitrogen-Containing Frameworks
serve asprivileged structurescapable of modulating
diverse biological pathways, making them attractive
candidates in modern drug discovery.

Structural Features of Emerging Heterocyclic
Frameworks.

1 Indolebased fused systems
1 Quinazoline derivatives
1 Triazolofused heterocycles

Oxygen-Containing Frameworks
1 Benzofuran and chromene hybrids
1 Xanthene derivatives
Emerging heterocyclic framewss typically possess: Sulfur-Containing Frameworks
- Multiple heteroatoms enabling hydrogen bonding and 1 Thienopyrimidines
ionic interactions - Fused or bridged ring systems 1 Benzothiazolebased fused systems
increasing molecular rigidity- Aromatic or partially
saturated cores enhancing stabilitgubstituent diversity Synthetic Approaches (Overview)

allowing fine-tuning of biological activity Emerging heterocyclic frameworks are synthesized
Classification Based on Ring Systems using advanced methodologies such-adulticomponent
reactions (MCRs) - Metatcatalyzed crossoupling
reactions- Cyclization and annulation strategiegreen
Fused heterocycles consist of two or more ringshemistry approaches including microweasssted
sharing ~ common  atoms.  Examples includesynthesis These methods allow rapid construction of

indoloquinolines, benzimidazoquinazolines, andstructurally complex and  biologically  relevant
thienopyrimidines. These systems often show improvegeterocycles.

DNA binding and enzyme inhibition.

General Structural Characteristics.

Fused Heterocyclic Frameworks
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Multifunctional Biological Applications Case Study 2:Triazold Quinoline Hybrid Frameworks
Anticancer Activity with Antimicrobial Activity

Emerging heterocyclic frameworks interact with
kinases, topoisomerases, and DNA. Quinazeliaed
indolebased frameworks are prominent in kinase
inhibition and apoptosis induction.

Triazolg quinoline hybrids exhibit broadpectrum
antimicrobial activity. The triazole ring improves binding
affinity, while the quinoline moiety enhances membrane
permeability.

Antimicrobial and Antiviral Activity Case Study 3: Indolei Benzimidazole Hybrids in

. . , , . Multifunctional Therapy
Hybrid heterocyclic systems disrupt microbial

enzymes and viral replication pathways, offering solutions Indolel benzm@gzole féamevyor}(s bi dlemon.s'.[r.ate
against resistant strains. anticancer, antioxidant, and antimicrobial activities.

. . . Structuré activity relationship studies reveal that electron
Anti-Inflammatory and Analgesic Activity withdrawing substituents enhance potency.
Heterocyclic frameworks inhibit cyclooxygenase giycturei Activity Relationship (SAR) Insights
enzymes and inflammatory mediators, providing relief in . ) .
chronic inflammatory disorders. 1 Electrondonating and withdrawing groups

o significantly influence biological activity
Central Nervous System Activity

Nitrogenrich fused heterocycles show promising o . . .
results in neurodegenerative and psychiatric disorders duef Hybridization leads to multifunctional behavior

Ring fusion enhances rigidity and binding affinity

to effective bloodbrain barrier penetration. Recent Trends and Future Perspectives

Antidiabetic and Enzyme Inhibition Activity Current research emphasizes: Targetbased
Several emerging fr ame wdetaosyclig@esign gogmputatipnal apd Abssisted draggf O

glucosidase, DRR, and other metabolic enzymes. discovery- Sustainable and green synthetic methodologies

Case Studies Future developments are expected to vyield

heterocyclic drugs with improved efficacy and safety

Case Study 1:QuinazolineBased Fused Heterocycles as profiles.

Anticancer Agents

. ) L 9onclusiort
Quinazoline derivatives have emerged as poten _ _
epidermal growth factor receptor (EGFR) inhibitors. ~ Emerging heterocyclic frameworks represent a
Structural modification at the-dnilino position enhances powerful platform for multifunctional  biological

selectivity and reduces toxicity. Several derivatives hav@pplications. Their structural diversity, adaptability, and
progressed to clinical evaluation. biological relevance make them indispensable in modern

medicinal chemistry. Continued interdisciplipaiesearch
will further expand their therapeutic potential.
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11.
Synthesis and Antimicrobial Activities of Novel 1,5Benzodiazepines
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Abstract:

The 1,5benzodiazepine are the most studied group of diazepines, which are the class of drugs prescribed against
psychotic disorder. In the present study Chalcones were synthesized by the condensation product of dehydroaceticacid in
combination with aromtic aldehydes in the presence of strong base. These Chalcones were used for the synthesis of
derivativesi.e. 1,5benzodiazepine. The synthesized-hiehzodiazepine derivatives were characterized by fRMR
and Mass spectral analysis. The derivativeseviigrther used for the estimation of its biological properties.

Key Words: Dehydroaceticacidzhalcone, IR, FNMR, Antibacterial activity Antifungalactivity , 1,5benzodiazepine

Introduction: activity against Gram-positive and Gram-negative

Benzodiazepines constitute an important class ofacteria, as well as fungal strains underscoring their
biologically active compounds and their synthesis has bedpPtential as lead compounds in drug discovery. The dual
receiving much attention in the field of medicinal andg@dvantage of structural novelty and biological efficacy
pharmaceutical chemistry owing to their application agn@kes them promising scaffolds for the development of
anticonvulsant, aninflammatory, anesic, hypnotic, NeXtgeneration antimicrobial agents.
and sedative agents and to their hypnotic activiy6]1 Thus, the synthesis and evaluation of novel- 1,5
The derivatives of 1/benzodiazepines are also used asenzodiazepines not only enrich the chemical space of
dyes for acrylic fibers in photography [7]. In addition, heterocyclic compounds but also contribute to addressing
benzodiazepines are the useful precursors for the synthesise of the most pressing global health challedges
of otha fused ring compounds such as triazplo antimicrobial resistance.
oxadiaz_ole, qxazine, or furanebenzc_)diazepines {a1]. _ Thus, the synthesis and evaluation of novel- 1,5
Benzodiazepines representaversatlle.class of hEterqcyClﬁ%nzodiazepines not only enrich the chemical space of
compounds that have attracted considerable attention Wuierocyclic compounds but also contribute to addressing

medicinal chemistry due to their broadespum of  gne of the most pressing global health challedges
biological activities. Among theml,5benzodiazepines  4ntimicrobial resistance.

occupy a unique position, distinguished by their structural , )

diversity and potential pharmacological applications.R€sult and discussion:

These sevemembered nitrogenontaining heterocycles The chalcones of DHA were synthesized by claisen

are not only importargcaffolds in central nervous system schmith condensation and characterized as good to

(CNS) therapeutics but have also demonstrated promisingxcellent yield (schemb as shown in Figurd . The

activity in areas such amntimicrobial, anticancer, and  structures of all the compounds were established from IR,

anti-inflammatory research. 1HNMR and Mass spectral analysis is mentioabdve.
The growing prevalence @ntimicrobial resistance The IR spectrum of chalcones gives a broad band for OH

(AMR) has intensified the search for new chemotypeQroup at (3000 3125 cm1) sharp and strong bands were
capable of overcoming resistant pathogens. TraditiongPserved at 1712728 cm' for lactone carbonyl group.
antibiotics are increasingly compromised by multidrug Another sharp band was observed at 13680 cm1 due
resistant strains, necessitating the exploration of novéP the presence of carborgioup and carbeoarbon band
molecular  frameworks. In  this context, 1,5  Of unsaturated chalcone system.
benzodiazepineshave emerged as attractive candidates The structures of synthesized compounds (MBD
due to their ability to interact with diverse biological targetsMBD-V) were confirmed on the basis of spectral analysis.
and their amenability to structural modification. The IR spectra of the newly synthesized compounds
Synthetic strategies for Benzodiazepines typically showed the disappearance of C=0 band of chalcone_ strong
involve  cyclocondensation  reactions of - band appears at 159415 cm' due to C=N stretching
phenyl enedi ami-unsatsratedv icarbonyl U begause of ring closure. The compound shows additional

c 0o mp 0 u n ediketones enBbling the introduction of band a.ppearing in the region 338867 cm' due to a NH
varied substituents that modulate biological activity.Strétching secondary amino group.

Advances in green chemistry, including solvéee and 'HNMR of synthesized compounds shows the
microwaveassisted methods, have further enhanced the har act er i 8.8 (dd; 2Hp @Hile. Hiland3H 0
efficiency and sustainability of these syntheses. of benzodi aze5Bi(tnlH, GH)i.ekgx.of U 4 . ¢

Recent studies highlight that novel derivatives of 1,5 Pénzodiazepine ring observed.
benzodiazepines exhibit significant  antimicrobial
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Antimicrobial Activity: against TMS as an internal standard. The mass analysis was
Antimicrobial activities were tested against the @lso carried out using the Shimazu Machine. Purity of

bacterial and fungal species as mentioned in methodolog§®MPounds was checked by TLC.

the effective zone of inhibition were observed at eachGeneral procedure for synthesis of 24Substituted
concentration mentioned iffable 2. The results were aryl)-2,3-dihydro-1H-1,5benzodiazepines

compared with standard chloroamphenicol and the positive A mixture of DHA chalcone (0.001 mol) and - o

control was taken as DMSO. There was no zone ofhenylenediamine (0.001 mol) in 10 ml methanol, in

inhibition in DMSO on microbial growth. Both the . esence of 2 to 3 drops Piperidine was refluxed for 4 hr,
organismi.e. bacteria and fungi showed maximum zone ofy, o glacial acetic acid (5 ml) was added to the reaction

inhibition i.e.24 mm and 22 mm, respectively in a relative ivture  and refluxing was continued for 2hafter
compounds as shown Trable 2 completion of reaction (checked by TLC). The reaction
Mechanism of 1, 5benzodiazepines synthesis mixture was left overnight at room temperature; solid
product separated out it was then filtered, washed with cold
water, dried to recrystallize from proper solvent. These
synthesized derivatigewere used for further analysis.

X v ‘ A \‘f AN Spectroscopic Date:
HN mAE
‘ ’&0 ©+ } % A_l\- NH, L\| 1) MBD-I: 4-(4-hydroxy-6-methyl-2-oxa-2H-pyran-3-

0 ) 07 2o%0) " My | yi)-2-(3-Nitrophenyl) -2, 3 dihydro-1H-1,5-
) benzodiazepines.
/)
©» Y IR (kBr, cml): N3335 (NH str), 3150 (OH str.), 2980
(C-H str. of CH;), 1716 (C=0 lactong 1605(C=N str. of
Ring benzodiazepine ring), 1572 {N bending).

closure

HNMR (CDCls, /ppm): 2.4 (3H, s, Ch), 3.2 (1H dd
/ , CHz benzodiazepine ring) , 3.8 (¢Hdd ,CH
benzodiazepine ring) , 5.6 (1kt ,CH benzodiazepine

OH OH
o .
\ A\ ! , ring) , 6.0 (1H , s, EDHA) , 8.4 (1H , 5, NH) , 6:8.2
nsfe N /4
imQ ijﬁ (8H,m, ArH), 16.2 (1H,s, OH str. ) .
0”0}V , (A--¥ o'
/ Y

0 )i X Mass (m/2: (M+1) 392

/
<§§\ {,’f © \ f{)- 2) MBD -1 : 4-(4-hydroxy-6-methyl-2-oxa-2H-pyran-3-

— y)-2-(2, 3, 4trimethoxyphenyl)-2, 3-dihydro-1H-1, 5
benzodiazepines

IR (kBr, cm): 3306 (NH str), 3130 (OH str.), 2962 (C
H str. of CH), 1712(C=0 lactong 1620(C=N str. of
benzodiazepine ring), 1558 (N bending).

INMR (CDCl3z, /ppm) :2.0 (3H, s, CH) ,3.84.2 (9H ,

,3x OCH) 2.9 (1H dd, CH benzodiazepine ring) ,
3.2 (1K, dd ,CH benzodiazepine ring) , 5.2 (1Kt ,CH
benzodiazepine ring) , 6.0 (1H , s5@HA) , 8.0 (1H, s,
NH), 6.28.4 (6H, m, ArH), 16.4 (1H, s, OH str.)

Mass (m/z):(M+1) 437

3) MBD-Ill : 4-(4-hydroxy-6-methyl-2-oxa-2H-pyran-
3-yl)-2-(3, 4-dimethoxyphenyl)-2, 3-dihydro-1H-1,5

10 | soluti ¢ dehvd ) d and the 1 benzodiazepines
mmol solutions of dehydroacetic acid and the ™
mmol of aromatic aldehyde were taken and in thaD8 IR (kBr, cm):3316 (NH str), 3170 (OH str.), 2916 (C

drop of piperidine was added as a catalyst. The solution wf Str. Of. CH‘)’. 172.0 (C=0 lactore 16.10(C=N str. of
dissolved in 30 ml of ethanol solvent, the reaction mixtur enzodiazepine ring), 1567 {N bending).

was refluxed for a reactiomtie 1612 hrs. After reaction HINMR (CDCls, /ppm) 2.2 (3H, s, Ch) ,3.94.0 (6H ,
time the compounds were by TLC. Then the mixture ware , 2 x OCH) 3.0 (1H dd, CH benzodiazepine ring) ,
filtered, dried and recrystallized with suitable solvent i.e3.5 (1, dd ,CH benzodiazepine ring) , 5.8 (1kt ,CH
chloroform. The characterizations were carried out furthebenzodiazepine ring) , 6.0 (1H, s5@HA) , 8.2 (1H, s,
of synthesized compounds. Melting points wereNH), 6.28.0 (7H, m, ArH), 155 (1H,s, OH str.)
deternined in open capillary and are uncorrected. IRwmass (m/3: (M+1) 407

spectra were recorded on R spectrometer using
. . 4) MBD-IV:4 -(4-hydroxy-6-methyl-2-oxa-2H-pyran-3-
I NMR
potassium bromide pellet as standaf# were y1)-2-(2-fluorophenyl)-2.3-dihydro-1H-1.5

determined on a New Avent#0 MHz spectrometer . !
benzodiazepines .

Fig. 1 Mechanism of 1, Bbenzodiazepines
synthesis

In the above mechanism -phenylenediamine
condense with chalcone (a), to gives structure (b
intramolecular rearrangemerntering closer to gives
strcture (c)Jastly transfer of proton from positive nitrogen
to carban ion to gives (d)e. 1, 5, benzodiazepines
derivatives

Material and Method:

Synthesis of substituted 3Cinnamoyl -4-Hydroxy-6-
Methyl-2-pyrones
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IR (kBr, cnil) :3320 (NH str.) , 3120 (OH str.), 2952
(C-H str. of CH) , 1712 (C=0 lactone) ,1618 (C=N str. of
benzodiazepine ring), 1580 {N bending).

HINMR (CDCls, /ppm) :2.3(3H, s, Ch), 3.8 (1H dd
, CH: benzodiazepine ring) , 4.2 (¢5ldd ,CH
benzodiazepine ring) , 5.9 (1Kt ,CH benzodiazepine
ring) ,6.0 (1H, s, EDHA), 8.0 (1H,s, NH) , 6-:8.6
(8H,m,ArH), 16.8 (1H,s,OH str.).

Mass (m/z) :(M+1) 346

5) MBD-V:4-(4-hydroxy-6-methyl-2-oxa-2H-pyran-3-
yl)-2-(3-methoxyphenyl}2,3-dihydro-1H-1,5

taken as Chloramphenicol. The plates were allowed to
incubate at room tempature for about 2 hr and then plate
were transferred to incubator at 28° C for bacterial culture
and 3537°C for fungal culture. After -4 day zone of
inhibitions were examined and recorded. The experiments
were performed in replication and average diarsof the
zones of inhibition were calculated and mentioned in Table
2. The observation shows that both the substituted chalcone
derivatives are positively having antimicrobial property in
action. It seems to be bacterial and fungicidal activity in
them. So, they can be used against different animal and
plant pathogens to cure a disease as a protection agent.

benzodiazepines .

IR (kBr,cm ) :3330 (NH str.) , 3186 (OH str.), 2968 {C
H str. of CH) , 1722 (C=0 lactone) ,1615 (C=N str. of

Table 1: Physical data of 15-benzodiazepines
derivatives (MBDI-MBDV)

benzodiazepine ring), 1532 {N bending). [ Reactant Product | Yiel | M. | Ti
HINMR (CDCls, /ppm) :2.1 (3H , s, Ch) ,3.8 (3H, s r. No. g,/) (F’-U e
OCHs), 3.5 (1H dd, CH benzodiazepine ring) , 3.9 "1
(1Hs , dd ,CH benzodiazepine ring) , 5.6 (1t ,CH P
benzodiazepine ring) , 6.0 (1H , s5@HA) , 8.0 (1H, s, oH 0
NH) , 6.28.2 (8H, m, AfH) , 16.8 (1H, s, OH str.) L, M@\-
Mass (m/z) :(M+1) 365 e /© AFGLEY/ | 70 |90 7
Biological Activity: "0 \
Preparation of media plates for maintenance o S
bacteria and fungus Nutrient agar (28gm/1000ml) was o 0 )
dissolved in 1 lit. conical flasks and sterilized in autoclave A v N /| .
at 1210 C (15 Ibs/ sq. inches) for 20 minutes. Potatp 2 L AN ~wf2 151 6
dextrose agar (39 gm/lity was dissolved 1 lit conical 070 7\ o
flasks and sterilized in autoclave at 1210 C (15 Ibs/ sq. Ocks
inches) for 20 minutes. After cooling medium was poured
in sterilized petri plate about 25 ml. The media plates werg
inoculated aseptically with inoculums. The bacterial 3| | 0o |7

culture of S. aureus, E. coli, Salmonellgyphi were
inoculated on nutrient agar medium. The bacterial culture
plates were incubated for 24 hrs in Biological oxygen

v

demand (BOD) incubator at 280 C temperature growth of
organism. The fungus culture plates were inoculated on
potato dextrose agar wmiem. The fungal culture of
Fusarium oxysporum, Candida albilans and Aspergillus
flavas plates were incubated at -35°C temperature in

A\)‘\//\ 3 Olfs |\ ‘ s
all E LA b o0 |95 |6

BOD incubator growth of organism.

Antimicrobial activity of compounds by agar well
diffusion method Prepared media plate which was not
inoculated with pathogen was taken and the wells werg
bored into agar using a sterile 6 mm diameter cork borer,
six bore was made in each plate. The celtaf the test
organism was spread on petri plate with sterilized spreader

25 6

chalcone derivatives of desired concentration. The test
compound (250 pg/mL) was dissolved in dimethyl
sulphoxide and loaded on a sterile filter paper disc of 6 mm
diameter. The pdplate containing nutrient agar medium
were spread with 100elL of
of the test bacteria using sterile cotton swab and allowed to
dry for 10 min. For fungal
was spreader on PDA. Then the impregdadiscs were
placed on the surface of inoculated agar medium. With
respect to control DMSO is used as a control for testing
antimicrobial activity 1718. The positive control was

OH

|
W N NH
K MeOH \ A \
eridine, z ALY NN
NN \)\\ w, e /N Oﬂ}:(\ \)<X
' reflux 6 hr ‘/ \
\{\—/7
(MBD-I to MBD-V)

i ve
(MBC-1 to MBC-V)

X=Different substituent on aromatic aldehydes
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Fig. 2 Synthesis of 44-hydroxy-6-methyl-2-oxa-
2H-pyran-3-yl)-2-(substituted aryl)-2, 3-dihydro-1H-1,

*standard A- S. aureus B- E. coli ,C- S. Typhi D-
Fusarium oxysporunt- Candidaalbicans,F-

5-benzodiazepines

Table 2: Antibacterial activity of 1,5-
benzodiazepines

Aspergillus flavus.
Conclusion:
According to the current study, benzodiazepine

Bacteria Fungi compounds that exhibit significant antimicrobial
(Zone of (Zone of effectiveness against tested bacterial and fungal species in
Compound Inhibition in Inhibition in comparison to regular cab can be exploited for future
mm) mm) medication design and chemical formulatiovelepment
A BlCl|D E = to eradipate illness. The pharma}cophoric p_roperties of the
MBD-| synthesized benzodiazepines will be significant, and they
20 | 22 11919 | 21| 20 may vield beneficial outcomes for biological and
MBD-II 16 | 15 | 17| 14 | 13 | 14 therapeutic applications. Therefore, these chemicals will be
MBD-II 16 | 18 | 15| 15 | 13 | 15 important for manaigg illnesses, insects, and pests in the
MBD-IV 20| 21120 19 | 18 | 15 medical and agricultural fields.
MBD-V ] ] ] ] Acknowledgement:
9 9 ’ 6 ! 8 The authors are thankful to the Director IICT,
Ch_loromph Hyderabad and Dr. Makrand Kulkarni, Solapur University,
?;5'(60:19 /mi) 24| 25|22 20| 22| 20 Solapur for providing spectral analysis facilities for the
DMSO -ve | -ve | ve | -ve | -ve | -ve research work.
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Survey of the presence of Heterocyclic compound in the flora of ACS College
which showed antimicrobial properties

Dhanpal B.Chavan
Department of MicrobiologyACS College Gangakhed, India 431514

Abstract:

Heterocyclic compounds consist of a large and diverse collection of organic substances, both natural and synthetic,
which lack distinct boundaries. Heterocyclic structures are frequently found in commercially available medications. They
play a crucial rolén the development of novel drugs due to their ability to create various forms and compounds with unique
characteristics.- Employing innovative methods allows us to swiftly and effortlessly generate novel molecules
characterized by distinct shapes antdlaites. These molecules can assist in the discovery of new treatments for various
illnesses. Heterocyclic compounds offer numerous advantages, including enhanced compatibility with biological systems,
increased solubility in water, and the formationalfust connections. Such advantages can improve the efficacy of these
compounds in pharmaceutical development. Extensive research has been conducted to identify effective and safe therapies
capable of combating pathogens, particularly those that are begamieasingly resistant and challenging to manage.
These therapies rely on a specific chemical structure known as heterocyclic compounds, which possess unique qualities
that render them effective in combating infections. One key aspect of these thisrdmepotential to minimize failures
and complications encountered during the creation of new pharmaceuticals. In this review, the ACS College campus has
identified several plants exhibiting antimicrobial properties. The photochemistry related tgldmgseindicated that a
significant portion of the identified compounds were heterocyclic in nature. Extracts from these plants exhibited potent
effects against bacteria and various pathogens. Additionally, it will present some of these compounds endemtly
evaluation for medicinal applications.

Introduction : Neem leaves and its twigs is commonly used for dental
Plants contain numerous biologically active hygiene and serves as a tonic. In India, i_t is customary for
substances that have potential for development int§€OPI€ (o place Neem leaves among their beds, books, and
medicinal products. Herbal treatments are already@Pinéls as a means to deter pests. Several potent
foundational in many developing nations, but there ha@harmaceutical compounds, such d#snoods and
recently been an increase in the usage of herbal resiedi triterpenoids, have been isolated from the bark and fruits of
more developed regions. Plants serve as an alternatiVae Neem tree.
pathway in the quest for novel therapies. Numerous plant Neem extracts and their various components are
species are recognized in traditional medicine for theicrucial in inhibiting a wide range of microorganisms,
protective and healing properties. It appears that plants wiihcluding viruses, fungi, and bacteria. Methanol and
keep being a valuk source of new compounds that, hexanechloroform extracts of Azadirachta Indica were
following possible chemical alterations, could lead to theested for their antibacterial effects againsicherichia
creation of new and enhanced medications. The issue obli, Proteus vulgaris, Klebsiella pneumoniae, Bacillus
bacterial resistance to antibiotics poses a significansubtilis, Micrococcus luteus, Streptococcus faecalis, and
challenge for healthcare professionals and the medic&interococcus faecalis. The findings indicated that the
field, prompting substantial efforts to counteract this trendmethanol extract was the most effective, the chloroform
One such effort is the extensive evaluation of medicinaéxtract was moderdieeffective, while the hexane extract
plants based on traditional medicinal systems, aiming tshowed minimal antibacterial effects. The antibacterial
discover new, safer, and more effective agents foproperties of Neem are detailed as follows.

combating infectious disees. Antibacterial action of Neem

Various parts of the Neem tree possess diverse Neem is commonly utilized in medicinal and

medicinal characteristics. The narody sections of the * ,hamaceutical applications. The stem and bark of Neem
Neem, including leaves, bark, oil, flowers, fruits, and seedgemonstrate strong antibacterial activity against Klebsiella,
exhibit significant effects such as Antiallergic, Antifungal, Serratia species, and Streptococcus. The methanolic
Antibiotic, Antidermatic, Atibacterial, ANt extracts of Neem exhibit antibacterial effay against

inflammatory, ~ Insecticidal, Larvicidal, = Antimalarial, \/iprig cholerae, while the chloroform extracts combat E.
Antiulcer, and other biological activities. Some water ., Bacillus subtilis. Enterococcus faecalis. and

soluble extracts from Azadirachta Indica are particularlystreptococcus faecalis.

valuable for their effects on hyperglycemia, hypolipidemia, = . . .
and hypotesion. Antimicrobial Activity Of Peepal Tree.

Antimicrobial Activity Of Neem . It is widely recognized that the peepal tree,
scientifically known as Ficus religiosa, is indigenous to

Neem exhibits remarkable antimicrobial properties)qia This large, perennial tree is prevalent throughout the
due to its 35 biologically active compounds. The juice from
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country. It can frequently be observed growing along  The plant is utilized in traditional medical practices,
roadsides, as well as near Buddhist temples and Hindparticularly Ayurveda, to address health issues like
shrines. The tree is commonly utilized for treating a varietydiabetes, diarrhea, and respiratory conditions.

of ailments, such as skin issues, nausea, burns, heart gesearch on its phytochemicals has revealed that Ficus
ailments, nervous system disorslediabetes, constipation, yejigiosa possesses a diverse array of compounds that
dysentery, and snakebites. The extract of this plany,ster its medicinal properties.

possesses significant properties, including -diairheal,

antifungal, antiplasmodial, articer, anticonvulsant, In summary, Ficus religiosa is esteemed for its

anti-parasitic proteolytic immunomodulatory heterocyclic substances and the potential health benefits

antioxidanf antiacetylcholinesterase, woumepairing, they offer in various therapeutic contexts. Ficus religiosa,

and antidiabetic effects. widely referred to as the sacred fig, is an important species
in traditional healing andontains a range of heterocyclic

Antimicrobial Activity of Justicia Adhatoda : substances.

In India, Justicia adhatoda is recognized as a |t comprises numerous bioactive elements such as
therapeutic plant that plays a significant role in diversgy,,onoids, tannins, alkaloids, and saponins. These
forms of traditional medicine including Siddha, Ayurveda, glements demonstrate pharmacological effects including
Ungm, homeopathy, and other ancient heal!ng praCt'Ce%mtioxidant, antinflammatory, and antiliabetic
Various parts of the adhatoda plastch as its leaves, cparacteristics. The plant is utilized in traditid medical

roots, stems, and f_Iowers, are utilized i_n a wid_e range Qhractices, particularly Ayurveda, to address health issues
medicinal concoctions. The leaves, in particular, argye diapetes, diarrhea, and respiratory conditions.
incorporated in herbal treatments for ailments like chroniesearch on its phytochemicals has revealed that Ficus
bronchitis, whooping cough, fevers, colds, coughsygjigiosa possesses a diverse array of compounds that
jaundice, ad asthma, acting as a sedative expectorant, 3g,|ster jts medicinal foperties. In summary, Ficus
well as for conditions such as diarrhea, dysentery, angjigiosa is esteemed for its heterocyclic substances and the

painful inflammatory rheumatic swellings. Studies on J.,qentia| health benefits they offer in various therapeutic
adhatoda indicate it possesses notable antibacterig tovis

properties against human pathogens, incgdi . )
Pseudomonas aeruginosa and Staphylococcus aureus. Phytochemistry of Justica Adhatoda
Phytochemistry of neem: All components of plants, which encompass Iegves,
roots, stems, flowers, fruits, and seeds, produce a variety of
bioactive substances. Nevertheless, most of these bioactive
The neem tree, known scientifically as Azadirachtaphytochemicals are primarily found in the leaves and roots.
indica, is rich in heterocyclic substances, especiallfOver 233 different phyichemical elements have been
limonoids, which are a type of heavily oxygenateddiscovered, which include 33 alkaloids, 12 flavonoids, 47
terpenoid. Among these, azadirachtin is the mosessential oils, 14 phenolic compounds, 23 terpenes and
researched limonoid, recognized for its strong diise steroids, 47 organic acids, and 59 additional substances.
killing abilities. Azadirachtin hinders the growth and Moreover, the plant contains a range of maartd micre
development of insects by disrupting processes likeninerals such as calcium (Ca), copper (Cu), iron (Fe),
molting, metamorphosis, and reproduction. Additionally,potassium (K), zinc (Zn), manganese (Mn), vanadium (V),
other limonoids in neem, such as nimbin and salannin, alsand chromium (Cr), with the highest amount being
demonstrate important biologicafunctions. These calcium. In addition, the plant consists of fatty alcohol,
compounds play a role in neem's extensivealkenes derived from alkylaminesetyglene, naphthalene,
pharmacological effects, which include activities againstand hydrocarbons known as naphthoquinones. The plant
microbes, inflammation, diabetes, cancer, liver protectionserves as an abundant source of quinazoline alkaloids,
and insecticide actions. The varied phytochemicalncluding vasicine, vasicinone, adhatonine, and anisotine,
composition of the neem plamakes it a valuable natural which contribute to its therapeutic effects. Additionally,
reservoir of bioactive substances with significant promiseseveral unique compounds, such as dibutyl phthalate,
in contemporary medicine and commercial use. octadecadienoic acid, butylated hydroxytoluene, tannic
acid, and hydroquinone, have been specifically extracted
i o ) from its blossoms. Some of the primary components of the
Widely referred to as the sacred fig, is an importanfyjant are jllustrated in Figure 3. Thesabstances are
species in traditional healing and contains a range 9fomising for pharmaceutical development by targeting

Heterocyclic substances in the neem tree

Phytochemistry Ficus religiosa,

heterocyclic substances. particular molecular pathways. For example, anisotine and
It comprises numerous bioactive elements such agasicinone function as inhibitors for viral proteases,
flavonoids, tannins, alkaloids, and saponins. making them potential candidates for antiviral treatments.

gther phytochengials like phytol and amrinone exhibit
antioxidant and heastrengthening properties. This
underscores the importance of these plants in contemporary
pharmacology.

These elements demonstrate pharmacological effec
including antioxidant, andinflammatory, and antiliabetic
characteristics.
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Abstract:

Agriculture faces the dual challenge of increasing productivity while minimizing environmental impact. Organometallic
chemistry, which studies compounds containing direct iineggbon bonds, offers unique opportunities to address these
challenges. By harssing the reactivity and stability of organometallic complexes, researchers are developing advanced
fertilizers, pesticides, and nutrient delivery systems that promise greater efficiency and sustainability. Organometallic
chemistry has emerged as a prongsfrontier in agricultural science, offering innovative solutions for crop protection,
nutrient delivery, and sustainable farming practices. Organometallic compounds, characterizedilmanetabonds,

exhibit unique reactivity that can be harnesseatk&ign advanced agrochemicals. Historically, organotin compounds were
employed as pesticides and fungicides, though concerns over toxicity have limited their use. Current research emphasizes
safer alternatives, including transitiometal complexes for comtlled nutrient release, organometaftiased fertilizers that

enhance micronutrient bioavailability, and catalytic systems for efficient synthesis of agrochemicals. Bioorganometallic
systems, such as cobalt c¢ompl patumlsroleiohmetabaran mands inBlant and f u r t
microbial metabolism. Emerging applications include nanostructured organometallics for precision agriculture,
environmentally benign catalysts for pesticide degradation, and smart delivery systems théemrgnwronmental

impact. By integrating organometallic chemistry into agricultural innovation, researchers aim to improve crop yields,
reduce chemical waste, and promote sustainable food security.

Key words: organometallicsBioorganometallic, Agriculture

Introduction: Properties of organometallic compounds

Organometallic compoundse chemical species that  Many organometallic compounds are sensitive and can
contain at least one bond between a carbon atom of . degrade when exposed to air or moisture.
organic group and a metal (including transition metalsy These compounds can be stable under heat, but the
main group metals, or metalloids). These compound  exact temperature tolerance varies widely.
combine the reactivity of metals with the versatility of § some organometallic compounds can conduct
organic ligands, enabling unique transformations not  electricity, which is useful in electronic applications.
possible in purely organic or inorganic systéms f  They often serve as catalysts, speeding up chemical
Organometallics  significantly impact agriculture reactions without being consumed in the process.
by enabling effective pesticides, herbicides, andpppiications of Organometallic:

fungicides, boosting crop protection and yielbst they o tall idel din all sci
pose environmental risks like soil contamination and rganometaliics are widely used in all sciences some

toxicity, requiring careful management to balanceOf its applications are listed down under specific headings

productivity gains with ecological health, as their Catalysis:

accumulation can harm ecosystems and food chains, organometallic complexes are central to industrial

despite some historical use like ethym&y for processes such dydroformylation, polymerization, and

disinfection and ongoing use in developing regidns hydrogenation For example, ZiegléNatta catalysts
Organometallic compounds are chemicals that contaignabled the largscale production of polyethylene and

a bond between a metal and a carbon atom. They are unicpelypropylené.

because they combine the properties of both metals a’@rganic synthesis:

organic (carborcontaining) molecules. These compounds . , .
are useful in a lot of areas, incing making plastics, Reagents like Grignard compounds and organolithium

medicines, and even as catalysts to speed up chemicHecies are indispensable for forming caflwambon
reaction$. They can do things that neither metals nor?©Nds:

organic molecules can do alone. An example of arMaterials science:

organometa!llc compound is ferrocen.e, whlch has an iron Organometallics contribute to the development of
atom sandwiched betwa two carbon rings. This structure semiconductors, OLEDs, and nanomaterials.

gives ferrocene special properties, like stability to heatand . i i )
oxidation. This makes it useful in fuel additives andEnvironmental impact: They are used in processes like

material science. The present article is designed to study © activation and sustainabl
the Importance of organometallics in agrtowé and allied  Agrochemicals and Crop Protection
sciencé. 1. Ferrocene derivatives are used in the design of novel

agrochemicals due to their stability and redox
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properties. They act as catalysts in enantioselective 3. Pharmaceuticals
synthesis of pesticides and herbicides, improving 4. Organometallic compounds significantly boost the

efficiency and selectivity. efficiency of drug production. They help create
2. Organometallic nanoparticles (Cee bimetallics) more effective treatments.
have shown dual roles: protecting crops against 5. These compounds enable the development of
pathogens while stimulating growth. For example, precision drugs for targeted therapies, greatly
in Vigna radiata (mung bean), Cke nanoparticles reducing potential side effects.
enhanced resistance to fungal infections and 6. They are instrumental in synthesizing complex
promoted biomasaccumulation. molecules that are crucial for new drug
3. Organotin compounds (though limited due to formulations.
toxicity concerns) historically served as fungicides 7. Researchers rely on these compounds for
and wood preservatives, highlighting the potential of accelerating the drug discovery process, making it
organometallics in pest managenfent faster and less expensive.
Soil Remediation and Environmental Management 8. Organometallics are particularly valuable in cancer

research, where they are used to develop

1. Organometallic complexes can actasfactants chemotherapy agents that are less toxic to normal
and chelating agents helping immobilize heavy cells2

metals in contaminated soils. i L )

2. Ferrocenebased surfactantshave been applied in Challenges in application of organometallic compounds
soil remediation, reducing pollutant mobility and U Toxicity risks:  Some organometallics (e.g.,
improving soil health. organotin, organomercury) are hazardous to humans

3. Organoi mineral complexesare used to prevent _ 2&nd ecosystems. _ _
migration of toxic metals like cadmium (Cd) and U Stability issues:Many organometallics are aiand
arsenic (As) into crops, thereby reducing food chain ~ Moisturesensitive, requiring careful handling.
contamination. This approach combines chemicall COSt and scalability: Advanced organometallic
stabilization with sustainable agricultural practfces fertilizers ‘and nanoparticles may be expensive

. . _ ) compared to conventional inputs.
Nutrient Delivery and Plant Growth Stimulation i Regulatory hurdles:  Strict  environmental

1. Organometallic compounds can serve as regulations limit the use of certain organometallic
micronutrient carriers , ensuring controlled release pesticide$*4,
of esse_ntial eI_ements'such as F"e, Zn, and Cu. Conclusion:

2. Nano-bimetallic particles (CuiFe) not only , . . ,
protect crops but also stimulate metabolic processes | ©rganometallic compounds are incredibly useful in a
enhancing chlorophyll content and photosyntheticW'de,ra”ge .of areas. From helpmg make medicines and
efficiency. plastics to improving technology in screens and solar

3. Organometallic fertilizers are being explored toP2anels, they play a vital role. They also contribute to

improve nutrient uptake efficiency compared to better agriculturgl pro.ducts and a}dvancmhterials. .
conventional salté. Because of their unique properties, organometallic

L ) compounds are essential tools in both current

Chemosensors and Precision Agriculture technologies and developing new solutions for the future.

1. Ferrocene derivatives are useccaorimetric and 3 symmary, organometallics are transforming agriculture
electrochemical sensorfor detecting analytes like by offering multifunctional solionsd from  crop
nitrates, phosphates, and pesticides in soil and Watehrotection to soil remediation and nutrient deliviery

2. These sensors enableal-ime monitoring of  qygh their safe and sustainable application remains a
agricultural - environments, supporting _precision criical challenge.

farming and reducing excessive fertilizer tise
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Abstract:

Climate change has emerged as a significant driver of human migration in the-fwstrdgntury, intensifying
existing social, economic, and environmental vulnerabilities. Rising sea levels, extreme weather events, prolonged
droughts, floods, and changimgricultural patterns are disrupting livelihoods and forcing individuals and communities to
relocate, both temporarily and permanently. Clirriatiuced migration often occurs within national borders, particularly
in developing regions where adaptive azipeais limited. This phenomenon intersects with issues of poverty, food security,
urbanization, and conflict, making migration a complex adaptive response rather than-eaisgleutcome. The absence
of a clear legal framework for climate migrants fut exacerbates their marginalization and limits access to protection
and support. This study highlights the growing link between climate change and migration, emphasizing the need for
integrated policies that address climate adaptation, disaster risgtioediand human rights. Understanding climate
induced migration is essential for sustainable development planning and for building resilient communities in the face of
accelerating climate change.

Keywords: Climate Change, Migration, Environmental Displacement, Climate Refugees, Adaptation, Vulnerability,
Sustainable Development

Introduction: both as a survival strategy and as an adaptive response
i _highlighting the need to view mobility not only as a crisis
Climate change has become one of the most pressing; 5150 as a potential tool for resilience. Understanding the
global challenges of the modern era, with-ieaching  re|ationship between climate change and migration is
consequences for ecosystems, economies, and humgBseniial for effective policy formulation and sustainable
societies. Beyond its environmental impacts, climatgjeyelopment plannin Addressing this issue requires
change increasingly influences patterns of hamability  inieqrated approaches that combine climate mitigation and
across the world. Rising global temperaturesileeel rise,  5qaptation strategies with migration governance, disaster
extreme weather events, desertification, and changinggy reduction, and social protection mechanisms. As
rainfall patterns are undermining livelihoods andgjimate impacts intensify in the coming decades,
habitability in many regions, compelling people to migrategyanining climateinduced migration will be crucial for

in search of safetystability, and economic opportunities. nomoting human security, social stability, and equitable
As a result, climate change and migration are now Closeldevelopment.

interconnected phenomena shaping demographic and o

social transformations at local, national, and global levelgiMms and Objectives:

Migration linked to climate change is rarelyusad by Aim:

environmental factors alone. Instead, it interacts with 11 primary aim of this study is to examine the

existing social, economic, political, and demographicg|ationship between climate change and migration, with a
conditions. Communities that depend heavily on climatety.,s  on understanding  how  climareluced

sensitive sectors such as agriculture, fisheries, and forestgy, ironmental changes influence human mobility patterns
are particularly vuterable. In developing countries, limited 5,4 socieeconomic conditions.

adaptive capacity, poverty, and weak infrastructure =

intensify the impacts of climate stress, increasing th&Piectives:

likelihood of displacement. Most climatelated migration 1. To analyze the major climate change factors, such as

occurs within national borders, often from futa urban extreme weather events, deael rise, and drought,

areas, placing additional pressure on cities and public that contribute to migration.

services. 2. To examine the socieconomic and environmental
The concept of climatinduced migration has gained impacts of climaténduced migration on affected

increasing attention in academic research and policy communities. o _

debates. However, there is still no universally accepted 3- TO understand migration as an adaptive strategy

definition or legal recognition for individuals displaced due adopted by individuals and households in response

to climate change, often refede t o as fdcl i mat & CIRAGSIESH t s o _ _

or ficlimate refugees. o Thi% Toasses thechalengessfaced bycimate migrants, o ¢
significant challenges in terms of protection, rights, and including issues of vulnerability, displacement, and
long-term resettliement. Moreover, migration can function lack of legal recognition.
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5. To study the implications of climate chaiigelated Research Methodology:

migration for urbanization, development, and  The present study adopts a descriptive and analytical
resource management. . research design to examine the relationship between
6. To highlight the need for policy frameworks that cimate change and migration. The methodology is
integrate climate adaptation, migration governanCegctyred to understand the causes, patterns, and impacts
and sustainable development. of climateinduced migration through a ggsnatic review
Review of Literature: and analysis of existing data and literature. The study is
The relationship between climate change andPased primarily on secondary data sources. Data have been

migration has attracted growing scholarly attention ovef°!lected from published books, peeviewed journals,

the past two decades, as environmental degradatidﬁ‘seamh reports of national and international organizations
increasingly influences human mobility. Early studiesSUch asthe United Nations, World Bank, International

conceptualized migration primarily as a response t Organization for Migration (IOM), and Intergovernmental

economic and political factors, with environmental cause§@n€l on  Climate  Change (IPCC). Government
treated as secondary (Lee, 1966). However, with th@uPlications, census reports, policy documents, and
acceleration of climate change impacts, researchers hafgPutable online databases have also been consulted to

begun to recognize environmental stressors as significa@P®in relevant and up-date information. A qualitative
drivers that interact with sio-economic vulnerabilities to  @PProach has been used to analyze the collected data.
shape migration decisions. Initial research onContent analysis and thematic analysis techniques are

environmental migration focused on sudderset disasters aPPlied to identify key themes related to climate change
such as floods, cyclones, and hurricanes. Scholars such \J§Pacts, migration drivers, vulneriity patterns, and

Myers (2002) argued that climate change could lead tgdaptive responses. Comparative analysis is employed to
largescal e displacement, coi RPANgregiona vafalongin cimapdyced pigiatiot, ¢ 4 |
refugeesod to describe po p\WihRgticuarnreference fo devglopipgcounlres, that age, o
environmental degradation. Although this perspectivéN0re vulnerable to climate stress.

helped draw global attention to the issue, later studies The study also uses an interdisciplinary framework,
criticized the deterministic framingemphasizing that integrating perspectives from environmental studies,
migration decisions are complex and rarely caused bgociology, economics, and migration studies. This
environmental factors alone (Black et al., 2011). approach helps in understanding the multifaceted nature of

Recent literature highlights the role of slomset Climate change and migration and avoidsirglefactor
climate processéssuch as setevel rise, desertification, €XPlanation of mobility. The scope of the study is limited
salinization, and prolonged drougdti influencing long _to understa_ndm_g general trends an_d patter_ns of climate
term migration patterns. Studies conducted in regions lik§!duced migration rather than primary fieldwork or

South Asia, SutSaharan Afria, and small island states €Mpirical surveys. Despite these limitations, the
demonstrate that declining agricultural productivity andMethodology provides a cqrehensive understanding of

loss of livelihoods significantly increase rutaturban e iSsue by synthesizing existing research and policy

migration (Adger et al., 2015). These findings suggest th grspectives. The findings aim to co_ntribute to acagiemic
climate change often acts as a threat multiplierniifging iscourse and support policy formulation related to climate

existing social and economic pressures rather than actirgcfjaptation’ migration management, and sustainable
as an independent cause of migration. A growing body of€vel®@ment.

research also views migration as an adaptation strate@tatement of the Problem:

rather than merely a failure to cope with climate stress.  jimate change has emerged as a critical global
Tacoli (2009) and MLeman and Smit (2006) argue that chajienge that increasingly influences human mobility, yet
planned and voluntary migration can enhance householgy e in shaping migration patterns remains inadequately

resilience by diversifying income sources and reducingngerstood and addressed. Rising sea levels, extreme
exposure to environmental risks. This adaptive perspectieaaiher events droughts, floods, darenvironmental

has shifted policy debates toward supporting safe&ryrd  gegradation are disrupting livelihoods, reducing resource
and dignified migration as part of climate adaptationaijapility, and threatening the habitability of many
strategies. Legal and poliayiented studies emphasize the \egions. These climatelated stresses disproportionately
lack of formal recognition for climate migrants under y¢ect yylnerable populations, particularly in developing
international law. Unlike political refugees protected bythecountries,where limited adaptive capacity and secio
1951 Refugee Convenn, climateinduced migrants fall  oconomic constraints intensify the risk of displacement.
into a legal grey area, limiting access to protection an‘ﬂ)espite the growing scale of climateluced migration,
assistance (Biermann & Boas, 2010). Scholars have callgflere js 4 lack of clear conceptual frameworks and reliable
fpr new frameworks or the expansion of.eX|st|ng humaryaia to accurately assess its magnitadiel longterm
rlghts. instruments to address this protection gareréll, impacts. Migration driven by climate change often occurs
the literature demonstrates that climate change angy,,gside economic, social, and political factors, making it
migration are deeply interconnected through economiGyiicyit to isolate environmental causes and to design
social, and political dimensions. targeted policy responses. Furthermore, existing national
and intermtional migration and refugee frameworks do not
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adequately recognize or protect people displaced due to4. SocioEconomic Impacts: Investigate the economic,
climaterelated factors, leaving many migrants without social, and psychological consequences of climate
legal status, social security, or access to basic services. The  induced migration on both source communities and
increasing movement of people due to climate stress also host regions.

poses significant chalhges for both source and destination 5. Migration as Adaptation: Explore migration as a

areas. Regions of origin face depopulation, loss of labor, coping and adaptive strategy, identifying factors that
and weakened local economies, while host &readten make mobility a positive tool for resilience rather
urban centels experience pressure on infrastructure, than a crisis response.

housing, employment, and public services. In the alessen 6. Policy and Legal Frameworks: Study the
of integrated policies that link climate adaptation, effectiveness of existing national and international
migration governance, and development planning, climate policies regarding climate migrants and propose
induced migration risks exacerbating social inequalities, legal frameworks for their protection.

conflicts, and humanitarian crises. Therefore, the problem 7. Gender and Vulnerability: Examine how climate
lies in understanding theomplex relationship between induced migration affects vulnerable groups
climate change and migration and in addressing the policy differently, including women, children, the elderly,
and protection gaps associated with climatiuced and marginalized communities.

displacement. Examining this issue is essential to develop 8. Urbanization and Infrastructure: Research the
effective strategies that ensure human security, promote impact of climate migration on urban areas,

resilience, and support sustainable development in the including housing, infrastructure, public services,
context of accelerating climate change. and social integration.

Need of the Study: 9. Technological Interventions: Explore the role of

. o ) technology, early warning systems, and climate

The study of climate change and migration is essential resilient infrastructure in reducing forced migration.

due to the increasing frequency and intensity of 19 |nterdisciplinary Approaches: Encourage studies
enwronmgntal disruptions _that are forcing people to move that integrate environmental science, economics,
from their homes. As climate change accelerates, its sociology, and political science to develop holistic
impact® such as rising sea levels, flqoc&oughts, and solutions for climateelated mobility.

extreme weather evetghreaten livelihoods, food

security, and human settlements, particularly in vulnerabl€séarch Statement:

regions. Understanding how these environmental changes This research aims to examine the complex
influence migration is crucial for anticipating future relationship between climate change and human migration,
population movementand for designing effective policy focusing on how environmental changes such as extreme
responses. Migration triggered by climate stress is not onlweather events, sdavel rise, droughts, and floods

a humanitarian concern but also a development issue. itfluence mobility patterns. It seeks to underdtahe
affects economic stability, social cohesion, and urbarsocial, economic, and demographic impacts of climate
planning in both source and destination aréa&ghout induced migration on both source and destination areas,
proper knowledge and intervention, climateluced while exploring migration as a potential adaptive strategy
migration can exacerbate poverty, inequality, and socidlor vulnerable populations. The study also investigates
conflict. Furthermore, there is a significant gap in legalexisting policy gaps anagal challenges faced by climate
frameworks and policy mechanisms to protect climatemigrants, with the goal of providing insights for effective
migrants. They often fall oside the protection offered by governance, sustainable development planning, and the
existing refugee conventions, leaving them vulnerable t@rotection of displaced communities in the context of
exploitation, marginalization, and displacement withoutaccelerating climate change.

assistance. Scope and Limitations:

Scope of the Study:
1. Regional and Local Studies: Conduct detailed case 1
studies in regions highly vulnerable to climate

change, such as loelying coastal areas, drought
prone zones, and small island states, to understand
localized migration patterns.

2. Quantitative Analysis: Develop comprehensive
datasets and statistical models to quantify the scale,
direction, and frequency of climateduced
migration,  helping  policymakers  anticipate g
population movements.

3. Longitudinal Studies: Carry out lortgrm research
to examine the cumulative effects of slowset 4.
climate changes, such as desertification orlseeal
rise, on migration over time.

Further Suggestions for Research:

The study focuses on understanding the relationship
between climate change and human migration,
including the causes, patterns, and consequences of
climateinduced displacement.

It examines both suddesmset events (such as
floods, cyclones, and hurricanes) and slowget
processes (such as drought, desertification, and sea
level rise) that influence migration.

The research considers internal (witlsiountry) and
crossborder migration, with attention to vulnerable
populations in developing countries.

It explores migration as an adaptive strategy,
assessing its social, economic, and environmental
impacts on source and destination regions.
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5. The study reviews existing national and not merely a crisis response but can function as a form of
international policies, legal frameworks, and adaptation to climate stress. The discussion also
protection mechanisms for climate migrants, aimingemphasizes the differential impacts of climatduced
to suggest strategies for sustainable developmemhigration. Vulnerable groups, including women, children,
and climate resilience. the elderly, and marginalized communities, are

Limitations of the Study: disproportionately affected due to limited resources, social

. . inequalities, and lack of access to support systems.
1. The research is primarily based on secondary datgyigration can further exackeate social and economic

sources, | imiting the- shdd¥rdesthiblatedsYparticflarlyGn@ibdn behntlrs, I €
time or p_rlmaryfleld experiences of cllmat_e migrants.\vhere  increased population  density  challenges

2. Quantifying the exact number of climateluced jnfrastructure, housing, employment, and public services.
migrants is challenging due to the lack of pgjicy and governance play a critical role in shaping
standardized definitions and reliable migration _data. outcomes 6r climate migrants. Despite growing attention

3. The study may not fully capture all regional 15 climateinduced displacement, there is no universally
varlatlon_s or specific '|0C6.l| contexts, as C“mateaccepted legal status for climate migrants, leaving them
change impacts and migration patterns differ widely,jithout adequate protection under international law.
across regions. , _Integrating climate adaptation policies tivi migration

4. Interactions between climate change and other sociGnanagement, disaster risk reduction, and sustainable
economic or political factors are complex, making it geyelopment strategies is essential to ensure the protection,

difficult to isolate climate change as the sole cause Orfights and welbeing of affected populations.
migration. ’

5. Policy recommendations are generalized and ma{onclusion:
require adaptation for specific countries or local Climate change has become a powerful driver of
contexts. human mobility, influencing migration patterns across the
Scope of the Study: globe. Rising sea levels, extreme weather events, droughts,

floods, and environmental degradation threaten

The scope of this study encompasses the examinatiqfye|ihoods, food security, and habitabilitgarticularly in
of the relationship between climate change and huma{?ulnerable regions. As a result, individuals and

migration, focusing on both the environmental and s0CiOcommunities are increasingly forced to relocate, either
economic dimensions of displacement. It aims to eXplor?emporarin or permanently, making migration both a
how climaterelated factod such as ring sea levels, response to immediate crises and a T adaptation
floods, droughts, cyclones, and desertificadiaffect strategy. The study higghts that climaténduced
livelihoods, habitability, and population mobility. Patterns migration is a complex phenomenon, shaped not only by
of Migration Analysis of internal (withicountry) and  gnvironmental factors but also by so€iconomic,
crossborder migration triggered by climate stress.pglitical, and demographic conditions. Vulnerable
Investigation oboth sudderonset disasters and slewset 45 jation§ such as rural communities, women, children,
environmental che_mggs that compel people to relocat(-_z. fohe elderly, and mainalized groupd bear the greatest
source and destination areas. Vulnerable Populationgisks and often face significant challenges in accessing
Focus on groups disproportionately affected by climat, giection, resources, and opportunities in both source and
change, including rural communities, |6MCOMe  gegtination areas. Urban centers and host regions also
households, ~women, children, and marginalizedancounter pressures  on  infrastructure,  housing,

populations. Review of existing legal frameworks, policies,empjoyment, and social services as a result of migration
and strategies aimed at managing climiatkiced fos.

migration and protecting affected populations.

_ ) A key finding of the study is that migration should be
Discussion:

recognized as both a challenge and an opportunity. While
Climate change has emerged as a significant driver df can exacerbate social and economic vulnerabilities if
human migration, influencing the movement of people bottunmanaged, migration can also serve as a tool for
within countries and across borders. The discussion of thiesilience, livelihood diversificatim and adaptation to
phenomenon highlights the complex interactions betweenlimate change. Effective policy responses require
environmental stressors, so@oonomic vulnerabilities, integrating climate adaptation, migration governance,
and adaptive strategies. Rising temperatures, unpredictaliésaster risk reduction, and sustainable development
rainfall, prolonged droughts, floods, cyclones, and- seaplanning. Legal recognition and protection of climate
level rise disrupt agricultural productivity, reduce access tanigrants, along with aomunity-based adaptation
clean water, and threaten livelihoods, particylaml rural ~ measures, are essential for ensuring human security and
and coastal areas. These environmental challenges forpeomoting equitable development. In  conclusion,
communities to migrate in search of safer living conditionspnderstanding the interplay between climate change and
employment opportunities, and social stability. Researclmigration is critical for developing strategies that protect
shows that migration often serves as a survival strategyulnerablepopulations, support sustainable development,
helping houskolds diversify income sources and reduceand build resilient communities. Addressing climate
exposure to environmental risks. In this sense, mobility isnduced migration requires coordinated efforts at local,
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national, and international levels, emphasizing prevention,

adaptation, and the safeguarding of human rights in a

rapidly changing environment.
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Abstract:

The main objective of present study is to analyse the soil in the rural areas of Chhatrapati Sambhaji Nagar district,
Maharashtra. And aware the farmers about soil testing so that they can use appropriate amount of fertilizers to crops and
increase fertity of soil and increase productivity. So the income also will be increased of rural area. For this investigation
four villages selected named Pisadd¥alshj Adgaon and Pokhri of Chatrapati Sambhaji Nagar District. Soil collected

from these rural villages is analysed for their physical parameters. Physical parameters such as Temperature, PH, Moisture
content and Electrical conductivity studied. Data is pregditb farmers and on the basis of this data idea given to farmers

for using which fertilizer should be used to particular type of soil.

Key Words: PH, Nutrients, Fertilizers, Organic Carbon

Introduction:

The upper layer of the mantle rock consisting main|350”5 are deficient in nitr_ogen, phosphorus and organic
of very small particles rrr_1atter. C_ottqn, pulses, millets, pastor, Fobaccp, sugarqang,
can support the growth of plants. Soil mainly consists o Citrus fruits, linseed, etc. are mainly cultivated in black soil.
mineral rock particles, portions of decayed organic matte Red & Yellow Soil.
soil water, soil air antlving organisms. The major factors Al
on which the formation of soil depends upon are parerqg g

material, Climate, Vegetation, life forms and time. Inregions of low rainfall This type of soil is genera”y

general, soil is composed of four elements , Inorganic Cyeficient in nitrogen, phosphorus and humus. Wheat,
mineral fractions derived from the parent mateﬂhggnlc cotton, oilseeds, millets, tobaccadapulses are mainly
matter (decayed and decomposed plants and animals),/ . tivated in red and yellow soil.

and Water. Soil is formed under specific natural condition ] )

and each of the elements of the natural environmeLaterite Soil.

contributes to this complex process of soil formatior The name has been derived fr

known as fApedogenesi so. which means brick. It accounts for about 3.7% of the total

Different Types of Soil in India. area of the country. These are typical soils of the monsoon

) ) ) ) .. .. . climate which is characterized by seasonal rainfall. With

In the ancient period, soils were mainly classified intc 5in ‘jime and silica areached away, and soil rich in iron

twoi Urvara (fertile) and Usara (sterile). oxide and aluminum are left leading to the formation of
The first scientific classification of soil was done by laterite soil. Laterite soil is deficient in organic matter,

Vasily Dokuchaev. In India, thelndian Council of nitrogen, phosphate and calcium; however, iron oxide and

Agricultural Research (ICAR)as classified soils into 8 potash are in abundance.

categories. The types of soil in India according to this are ;o ntainous or Forest Soil

Alluvial Soil This type of soil is found in forest regions where
Alluvial soils are widespread in the northern plains ancrainfall is sufficient. The texture of the soil depends on the

river valleys. It covers about 40% of the total land area cmountain environment where they are found. The soils

the country. They are rich in potash but poor in phosphorufound in the lower valleys are fertile. Also called forest soil

w

so known as the Aomni bus
% of the total land area of the country. It is found in

Black Cotton Soil. Arid or Desert Soil.
Bl ack soil is also known Also known as arid soll, it accounts for over 4.42 %fB | a c
Cotton Soil 0. 't cover s a thetotalland area of the countihe color rangesfromred d ar

the country. Black soils are rich in iron, lime, aluminum,to brown. Desert soils are sandy to gravelly in texture, have
magnesium and also contain potassium. However, the low moisture content and low wategtaining capacity.
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Saline and Alkaline Soll Material and Methodology.

These soils have high percentages of sodium, Material:

magnesium and ~ potassium, and hence are infertile. The g4, 5oil Samples were collected from Chhatrapati
high salt content is mainly because of the dry climate an@ambhaji Nagardistrict, Maharashtra.Soil samples

poor drainage collected (from the 0 to 10 cm depth) from field were
Peaty and Marshy Soll cleaned from herb and plarmains.
These soils are found in regions of heavy faihand Soil samples were collected in plastic sample bags.

high humidity, and it supports the good growth ofPlant residues and stone pieces were removed by hand.
vegetation. Peaty soils are rich in humus and organi€oil sample were air dried and passed through a 2 mm
matter. These soils are generally heavy and black in colobrass sieve. Samples were stored at 30°C Temperature
In many places, these soils are alkaline. These are found iimoven until use. Then 100g soil sample was transferred
southern Uttarakhandhe northern part of Bihar, and the to sample bag. Sampling date, Location of the
coastal areas of West Bengal, Odisha and Tamil Nadu. sampling and sampling number were marked on the bags
Soil testing for nutrients is important for farming and soil samples were brought to the laboratory. Four

because it helps ensure that plants have the right amount$3TPles were selected and study was carried out based
nutrients at the right timen India, soil testing can help " Wwide range of physiohemical prperties and
farmers for identifying nutrient deficiencieSoil testing  chemicalproperties.

can help farmers to identify nutrient deficiencies and add Table1 List of CollectedSoil samples.
the right fertilizers to make up for theiBoil testing can Sr. No Sample Name
help farmers create a cesffective plan for managing - _
nutrients.Nutrient imbalances can severely impact plant 1 Pisadevi
growth.For example, too much nitrogen can cause 2 Palshi
fertilizer burns, while too little can stunt plant growth.
o | I q q 3 Adgaon
For increasing the agricultural productivity an _
g g P Y 4 Pokhri

production the management of soil testing based upon
nutrients has emergedas a key issue. Optimal use of  Longitude and latitude:

nutrients based on soil testing or analysis increase Crop  \jethods:

productivity and reduce the waste of these nutrients .

leading to increase the productivityhe research work on The soil samples were brought to laboratory for further
the crop in a particular area should be conducted and tr@nalysis. The soil reaction (pH) and electrical
management practices of the concerntatmer. The condL_lctlwty (EC) were determined as per t_he procedure
result of the soil analysis confirms which fertilizer described by suspension methdte suspension method
recommended was the actual connecting link betwee for analysing soil pH and electrical conductivity
agricultural research and its practical application in theinvolvespreparing a soilvater suspension and measuring
fields of the farmer. Farmers use large quantities of ItS PH and electrical conductivity:

chemical fertilizers as nutrients, withoswil analysis For{  Preparation of the soitwater suspension

plant growth a small amount of fertilizer is needed. T
farmer finds difficulty in knowing the proper use of
fertilizers, which would match soil of their field. Farmr
must take into account that what is the requireme
fertilizer to their crops.Soil analysisis the solution to
this problem of the farmers. Analysis is based on various Measuring the pH.

physical and chemic_a_l paramete_rs_. Soil analysisﬂ pH meteris used to measure the pH of the suspen&n.
improve the crop fertility, productivity and wastage  the electrode into the solution, stir, and wait for the

fertilizers. Soil is composed of both organic and inaic  gisplay to stabilizeRinse the electrode with distilled
matter and it is essential for life on earth to exist. Soil  \yater petween samples.

45% mineral particle size, 5% organic matter, 25% air anc i , .
25% water etc. The combination of texture, structure Measuring the electrical conductivity.

porosity, chemistry, colour and temperature are the Conductivity meter is used to measure the electrical
properties of soil. Sbiis made up of differentsized  conductivity of the suspensionThe meter Calibrated
particles. Sand particles tend to be the biggest [2]. Preseusing a KCI reference solutioRinse the conductivity
study is an attempt to determine the amount of nutrients i cell with the soil suspension, then refill without disturbing
Soil of Jalna District, Maharashtra. This knowledgsél| the settled soilRinse the cellwith deionized water
help farmersdeterminehow much fertilizer they should  between samples.

use for taking maximum production of crop in their farm. Measuring the Temperature:

1 Known amount of akdry soil taken into a container after
weighing, added deionized water, and  shake to dissolve
soluble saltsThe standard ratio is 1part soil to 5 parts
water.

Temperature of a soil is measuradth help of a
routine mercury thermometer in a metal cone by
penetrating it into the soil up to 2 cm depth.
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Measuring moisture in soil 4. 5 ml of filtrate and 5ml of chloromolybydic solution
taken in 25ml of volumetric flask. To this 10ml of
distilled water is added.

1ml of stannous solution is added in above solution

The soil moisture content also called water content is
an indicator of the amount of water present in soil. The test
sample is selected in such a way that it &lequately
representative of the soil from which it is collected. For the up to the mark.
measurement of natural moisture content, the appropriate 8- R€ading id taken at 660nm on spectrophotometer.
mass of specimen is about 100 gnsoil samplekept Analysis of Potassium
immediatelyin the moisture can and closed it to prevent Potassium is extracted from the soil by shaking a 1
loss Qf moisture by evaporation.The' lid from 'the gram scoop of aidried soil for 5 minutes with 10
containerremoved and placed the moisture can in the uiiliters of (PH7) 1 N ammonium acetate (NGAC).
oven atL05-150C. This takes approximately 24hours. the plantavailable potassium is measured amalyzing the
sample is iAllowed to cool for the sometime in the oven. filtered extract on an atomic absorption spectrometer set
Then close the can sand put thein the desiccators for on emission mode at 766.5 nm.

furthe.r cooling. When it is cooled, the lids replaced on theResuItsand DiSCUSSIONS
container and weighed.

Chemical Analysis
1. Organic carbon

Physical parameters:

The acidity or alkalinity of the soil can be study
by soil reaction or PH. The PH is very important

Organic matter is oxidized with chromic acid property of the soil is it determines the capacity. The

(Potassium Di-chrozate, + H2So4). This PH values fluctuated legsan 7.6(table2). The PH

method is widely used in Indian Laboratories.  valuefor soil if acidic then it is< 6.5, if it is Normal

The total organic contendf the soil samples 6.5-7.8, Alkaline 7.8 8.5, Alkali > 8.5. This one of

was estimatedby using thetitration method. the most important soil properties which affect crop
2. NPK growth.. The major sourcef heatis sunand heat

Nitrogen, phosphorus, and potassium are the mai heengtr)?ltiesd;yetgf}%%}zmlcal and biological activity of

components of soil fertilizer. Different methods
isolate each nutrient from the soil into a solution that ~ Total soluble saltsare estimatedoy aqueoussoil

can be analyzed using turbidity and color to extractsfrom the Electrical Conductivity value of
determine the concentration of nutrients present i SOl samples were ranges from 1.17mS/cm to
the soil sample. Knowing present concentration 3.7mS/cm (Table 2), Electrical conductivity is used to
informs environmental scientists of a nutrient €Stimate the soluble salt concentrations in soil and is
deficiency or surplus in soils used to support plantcommonly usedas a measureof salinity. Soil with
production, and also provides general insight into EC below 0.4mS/cm are consideredarginally ornon
basic biogeochemica| Cyc|es of an ecosystem_ Saline, while soils above 0.8 mS/cm are considered
severely saline.

The moisture content ranged from 8.4% to 6.4% from
four different locations of Chhatrapati Sambhaji Nagar
District. The soil type was found to be sandy. The
differences in texture can affect many other physical and
chemical properties of the soil. Soil texture plays a
prominent role in soil production. Soils with predominantly
OIarge particles tend to drain quickly and havewer
fertility. Very fine texture soils may be poorly drained,

The NH4N in the digest is quantified by collection of tend to become waterlogged, and are therefore not well
NH3 liberated by steam distillation and titrated with suited for agricliure.
volumetric acid solution.

Nitrogen in soil analyzed by Kjedahl method

This procedure involves the digestion of a soil sample
the distillation of NH3 produced and its quantification by
titration. Soil is concentrated by conc. Sulfuric acid, in the
presence of catalyst mixture that allows the boiling
temperature to be regutat until complete dissolution and
oxidation. The organic nitrogen in the sample is oxidized t
ammonium.

Conclusion

The soil ontain a low soluble salt and are poor in
Phosphorous is analyzed by Titration method whichorganicmatter.Sandysoilsareof
include the following steps

1. 2.5 gm of soil is weighed and taken in 100ml conical
flask .pinch of charcoal is added into it.

2. To the above mixture 50 ml of 0.5M sodium
bicarbonate is added .After mixing all the elements in
conical flask. It is placed on rotary shaker for 30
mins.

3. After 30 mins.flask is removed and solution is
filtered by Whatmann filter paper no.42. Blank
solution is also prepared.

Analysis of Phosphorous

Open character usually loose and friable. Sand facilities
drainage and aeration. The soil survey data of Chhatrapati
Sambhaji Nagar district clearly indicates that the soils are
slightly neutral to moderately alkaline in reaction with low
soluble salt coent. The soils of Chhatrapati Sambhaji Nagar
district were low in organic carbon and available nitrogen,
medium in available phosphorous and high in available
potassium salts. On the basis of overall nutrient index soils of
Chhatrapati Sambhaji Nagar dittere very low in available
nitrogen ,adequate in available phosphorous.
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Abstract:

Herbicides and pesticides are widely used chemical substances in modern agriculture to protect crops from weeds, insects,
and diseases. Their use has significantly increased agricultural productivity and contributed to global food security.
Herbicides combl unwanted plants that compete with crops, while pesticides manage harmful organisms such as insects,
fungi, and rodents. Despite their benefits, the excessive and improper application of these chemicals has raised serious
concerns related to environmahpollution, human health risks, pest resistance, and loss of biodiversity. Chemical residues
can contaminate soil, water, and food products, affecting ecosystems and living organisms. This research paper examines
the definitions, classifications, and agitural importance of herbicides and pesticides, their environmental and health
impacts, and the challenges associated with their overuse. The paper also highlights sustainable alternatives such as
integrated pest management (IPM) and emphasizes thetanpe of responsible use and regulation. Understanding both

the advantages and risks of herbicides and pesticides is essential for achieving sustainable agricultural development and
long-term environmental protection.

Keywords: Herbicides, Pesticides, Agriculture, Environmental Impact, Human Health, Integrated Pest Management,
Sustainable Farming

Introduction: vulnerable to pesticide exposure [8]. In addition, human
Agriculture is one of the most important human €Xposure to pesticide residues through food and water can

activities, as it provides food and raw materials necessafgSultin both shosterm and longerm health problems [9].
for survival and economic development. However, nother major issue associated with herbicide and
agricultural production is constantly threatened by weedd?€Sticide use is the developnbef resistance in weeds and

insects, plant pathogens, and other pesis reduce crop pests. Continuous use of the same chemical compounds
yield and quality. It is estimated that a significantallows pests to adapt, reducing the effectiveness of control

percentage of global crop production is lost every year dui€@sures and encouraging higher application rates [10].
to pest infestation and weed competition [1]. To overcomd Ne€se challenges highlight the need for sustainable and
these challenges, farmers rely heavily on chemical contrgVironmentally friendly pest management strategies. This
methodsparticularly herbicides and pesticides. Herbicides'©S€arch paper aims to provide a comprehensive overview
are chemical substances used to control or eliminat®f herbicides and pesticides, focusing on their types, uses,
unwanted plants, commonly known as weeds whictPenefits, and associated risks. It also discusses the

compete with crops for nutrients, water, space, and Sun”g}iﬁnportance of sustainabletatnatives such as integrated

[2]. Pesticides are a broader group of rofeals designed Pe€St management and emphasizes the need for proper

to control harmful organisms such as insects, fung-,regulatlon and awareness to ensure safe and effective use

bacteria, rodents, and nematodes [3]. The use of thes¢erbicides: Definition, Classification, and Uses:

chemicals has increased rapidly since the mid twentieth o ipicides are chemicals specifically designed to
century, especially during the Green Revolution, WhiChcontroI or destroy weeds that interfere with crop
aimed to improve ageultural productivity through modern o roqction. Weeds compete with crops for essential
technologies [4]. The application of herbicides andrggqyrces and can significantly reduce vyield if left
pesticides has provided several benefits, including,nmanaged [11]Classification of Herbicidesierbicides

increased crop yields, reduced labor costs, improved foogye cjassified based on selectivity, timing, and mode of
quality, and enhanced storage life of agricultural pregluc ,.tion
[5]. These chemicals have also contributed to public health ) .

by controlling diseasearrying insects such as mosquitoes S€lective Herbicides:

[6]. However, the widespread and often uncontrolled use of These target specific weed species without damaging
these substances has led to serious environmental atite crop. They are commonly used in cereal and vegetable
health concerns. Cheaal residues from herbicides and crops.

pesticides can persist in soil, water, and air, leading to

environmental pollution and harm to ntarget organisms

[7]. Beneficial insects such as bees, birds, aquatic

organisms, and soil microorganisms are particularly
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Non-Selective Herbicide: and biodiversity [16]. Bioaccumulation of chemicals in the

These destroy all types of vegetation and are mainﬁ{jOd chain can cause loitgrm ecological damageluman

used in norcrop areas such as roadsides and industridii€@lth Effects Human exposure to herbicides and
pesticides occurs through contamtiéd food, drinking

Zones. - water, air, and direct contact during application. Skemrin

Pre-emergence Herbicides: exposure may cause headaches, skin irritation, nausea, and
Applied before weed seeds germinate, these preveeye problems [17]. Lonterm exposure has been

early weed growth. associated with respiratory disorders, hormonal imbalance,

nervous gstem effects, and increased risk of chronic
i diseases [18].Agricultural workers are particularly

~ Applied after weeds have emerged, these act ojyinerable due to frequent exposure, while children and
actively growing plants. pregnant women are more sensitive to pesticide residues.
Uses and Benefits: Proper safety measures, training, and awa®nare
essential to reduce health riskesistance and Overuse
saving time and labor costs. They allow lasgale farming rssugs_One of t.he most serious chaIIenges of h(_arbicide and
and improve overall crop productivity. However, improperpesuc'de use is the development of resistance in weeds and

use can lead to soil degradation, water contamination, afifsts: Repea_ted use O.f the same ch_em|caI$ allows pests to
herbicideresistant weeds [12]. €Bticides: Definition, adapt, reducing effectiveness and increasing application

Types, and Applications Pesticides are substances used'§es [19]. Th_|s not otnlly raa;s Em(ljtﬁc?'on Cguit; t_)utballlso
control pests that damage crops, stored products, a trsen? enwrc(;nlmten a ¢ an teh?I 'm’?g_ emn_a!na} €
human being health. They play a crucial role in protectin ermatives and Integrated Fest Manage inimize

agricultural produce from loss [13]. Types of Pesticide egative effects, sustainable pest controltegias are

Pestcides are classified according to the pests they targe €ing promoted. Integrated Pest Management (IPM)

Insecticides Control insect pests FungicidesManage combines biological, cultural,'mecha_mcal, anq chemical
fungal diseases Rodenticides Control rodents methods to control pests with minimal environmental

Bactericides’ Control bacterial infections Nematicidés |mp_ac_t [20]: Pra_ctlces such as crop rota_t|o_n, reS|stan_t crop
; : varieties, biological conti agents, and limited chemical
Control nematodes in soil . g
use help reduce dependency on herbicides and pesticides.

Conclusion:
Pesticides are applied during crop growth, storage, and - - N
transportation. They reduce pdsrvest wounded and I-_|er_b|C|des_ and p_est|C|des have plgyed a S|gn|f|_cant
role in improving agricultural productivity and ensuring

improve food quality.Though excessive application can . .
respult in pe_gticidey resigues in food p?)roducts anJOOd security worldwide. They help control weeds and

environmental pollution [14]Environmental Impacts of pestts, re(|j_|uce crop Iosse;, andd :_support rrr:odern T?r(rjmng
Herbicides and Pesticide$he environmental impact of Systems. HOWEVEr, EXCESSIVE and IMprasernas resulte

neriides and pesicides 1s a major concem. Chemicf SET0Us envionmena) pollon, healh fiks, pest
runoff from agricultural fields can contaminate surface ’ Y-

water and groundwater, affecting aquatic ecosystems [15 _grlcu_ltural devglppment, It Is _e_ssentla_l to bglance t_he
Soil contaminationcan reduce soil fertility and harm enefits of herbicides and pesticides with their potential

beneficial microorganisms essential for nutrient cycIing.”SkS'Respons'ble use, strict regulat!on, farmer ec_iucaﬂon,
Nontarget organisms, including birds, fish, and and adoption of sustainable alternatives such as integrated

pollinators, are often affected by pesticide exloosurepest management are crucial. By promoting awareness and

Decline in pollinator populations, particularly bees hasscientific innovation, the harmful effects of these chemicals

been linked to pesticide use, threatening crop poIIinatioﬁ:an be '_“”'”'m'zed whllmalnta_mlng efficient and safe food
production for future generations.

Postemergence Herbicides:

Herbicides reduce the need for manual weeding

Applications:
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Abstract:

Fused and nefused heterocyclic systems continue to drive innovation in medicinal and biological chemistry. This review
surveys structural classes, representative named rings, recent synthetic and green methods, comparative literature cas
studies, structre activity relationships, and computational approaches. Emphasis is placed on recent tren@92%)20

and future perspectives for discovery, includingaskisted design, bioorthogonal chemistry, and sustainable synthesis.

The review concludes with clhenges and concrete research directions.

Keywords: Heterocycles; fused heterocycles; medicinal chemistry; striicctigity relationship; green synthesis;-Al
assisted drug design

Introduction : Representative Structures, Names and Brief Notes

Heterocyclic compoundd rings that contain one or
more heteroatoms such as N, O, ad Sare ubiquitous in ] . )
modern drug discovery and biological chemistry. Their ~ Bicyclic system: benzene fused to pyrrole. Commoniin
structural diversity and ability to engage in specificdrugs like indomethacin (artiflammatory) and natural
interactions with biomolecular targets ake them Products (tryptamines).
privileged scaffolds for therapeutic development. RecenQuinoline
reviews and special issues (202025) have highlighted
new scaffolds, computational workflows, and synthetic
technologies that accelerate heterocytigen drug
discovery.

Major Structural Classes and Representative Rings
Five-membered Nheterocycles

Indole

Benzopyridine framework. Found in antimalarials
(e.g., quinine, chloroquine derivatives) and kinase
inhibitors.

Quinazoline

Benzopyrimidine motif. Core of many EGFR and
kinase inhibitors (e.g., gefitiniike scaffolds).
Examples: Pyrrole, Indole, Imidazole, Pyrazole. enzimidazole

Indole and imidazole cores are present in many natura . . ) . »
products and drugs. Fused benzeifignidazole ring. Present in antiparasitic

and protorpump inhibitor classes.
- . o Triazole (fused 1, 2, 3triazoles
Examples:  Pyridine,  Pyrimidine,  Quinoline, lazole (fu . 1az )

Quinazoline. Widely used as kinase hidgeders and Arising from click chemistry and ,1 3-dipolar
antimicrobial cores. cycloaddition; triazoles are stable linkers and

pharmacophores with antifungal and anticancer roles.

o . Synthetic Trends (20202025)
Examples:  Indoloquinolines, = Benzimidazo[1,2 . ] ]
a]quinazolines, Carbazolés noted for planar aromatic Key synthetic developments include multicomponent

surfaces that intercalate DNA or bind enzymes. reactions (MCRs) for rapid scaffold assembly,
photocatalysis and photoredox method$HCactivation

Oxyger and Sulfur-Containing Heterocycles strategies, and transitianetatcatalyzed annulation to
Examples: Furan, Benzofuran, Thiophene,build fused frameworks. Green chemistry approadhe

Benzothiophen&d frequently appearing in CN8&ctive  solventfree, microwaveassisted, recyclable catalysis

and antimicrobial agents. have gained traction. Progress in fused2]l 3triazole

Mixed Heteroatom Fused Systems synthesis and related annulations has been highlighted in

) recent literaturel.]cite 'turnOsearch13turnOsearch17
Examples: Oxadiazoles fused to benzene/heterocycles,

thiazold pyridine  hybrids &  offer mult-modal ~COmMPparative Literature Case Studies
interactions with targets. Case Study I: Indole Fused Anticancer Agents

Several recent studies illustrate how indhised
systems were optimized for anticancer activity by
modifying substitution patterns to improve kinase binding,
DNA intercalation, or topoisomerase inhibition.
Comparative reports from 2028024 show that plaar

Six-membered Nheterocycles

Fused Polycyclic Heterocycles
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fused indole systems increase DNA affinity but may suffethas shortened development timelines. Recent reviews and
solubility issues; introduction of polar side chainsspecial issues emphasize these computational trends.
improved pharmacokinetics while retaining potency.s een Chemistry and Sustainable Practices

[JcitellturnOsearch22 o . ) )
Sustainability considerations have shifted method

selection: solvent selection guides, -catalytic load
Quinazoline derivatives remain a privileged hinge minimization, and use of flow chemistry are now common

binding motif for kinase inhibition (EGFR, VEGFR in heterocycle synthesis campaigns. Multicomponent

families). Comparative analyses show that small alterationseactions (MCRs) and solvefree approaches rade

at the G2 and G4 positions dramatically alter selectivity waste and  enable rapid library  synthesis.

profiles. Structural optimization stiegies from 2022023 cite[/turnOsearchl17

used structurbased design and fragmegrowing to Challenges and Limitations

enhance selectivity. cite[JturnOsearch9 ) ) )
) o , . Key challenges include: (1) synthetic complexity of
Case Study llI: Triazoles and Antimicrobial Activity highly fused systems leading to scalability issues: (2)
Triazolecontaining fused syste@soften built via  solubility and permeability tradeffs for planar fused
click chemistry have been reported with breagectrum  aromatics; (3) metabolic liabilities (heteroatom oxidation);
antimicrobial and antifungal activity. The stability and and (4) need for more predictivmodels linking scaffold
hydrogenbonding potential of the triazole ring contribute design to in vivo outcomes.
to target engagement. Recent systieeenable rapid SAR £ iure Perspectives and Recommendations
exploration.[Icite 'turnOsearch13turnOsearch ] ) ] ]
Looking forward, the field will benefit from: (A)

Structurei Activity Relationship (SAR) Insights tighter integration of Al with experimental synthesis to
SAR trends across fused heterocycles commonlpropose synthesizable, bioactive heterocycles; (B)
demonstrate: (1) heteroatom identity and position altemcreased use of green and flow chemistry for soplgC)
hydrogen bonding to targets; (2) ring fusion increase$ocus on norplanar, 3DBenriched fusecheterocycles to
planarity and often target affinity; (3) lipophilicity tuning improve PK properties; and (D) interdisciplinary projects
(addition of polar substituents) balmes potency and combining chemical biology, imaging probes, and targeted
ADME; and (4) bioisosteric replacement (e.g7 S, N delivery using heterocyclic warheads.
substitution) is a robust strategy for improving selectivity. -oncjusiorn

Case Study IlI: QuinazolineBased Kinase Inhibitors

Computational and Al-Assisted Design Fused and other heterocyclic systems will remain

Al and machindearning models are increasingly used central to medicinal chemistry. Advances in synthetic
to prioritize heterocyclic scaffolds, predict ADMET, and methodology, computational design, and sustainable
suggest synthetically accessible analogues. Integration pfactice position heterocycles for continued impact in
docking, molecular dynamics, and retrosynthetic plannertherapeutics and biological research.
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Abstract:

The study was in the course of to synthesized and characterization of Copper oxide Nanoparticles)(CuONPs
from Ginger extract, and to explore the antibacterial activity againstgeaitive StaphaureuandEnterococcus
feacalis) and gramegative Pseudomonas aeruginosand E.col). The synthesized nanoparticles were
characterized by UWisible, X-ray diffraction, and SEM. The result of Wisible reveals broadband absorption

for leaf extract. The XRD analysis showed that CuO Nps contains the high intensity with narrow width of CuO
diffraction peaks confirms the desired product was highly crystallinetimendt is evident from the SEM image

that the morphology of particles is uniformly distributed, well dispersed, and equally distributed in all directions
most of the CuO nanoparticles are less agglomerated with spherical shapes and-stegratbmorptlogy. The
antibacterial behavior against mentioned pathogens were done by using agar well diffusion method, the
considerable inhibitory action for leaf extract were observed both in-gositive and grarmegative bacteria
isolates.

Keyword: CuO NPs, Uwisible, SEM, antibacterial strategies, Ginger

Introduction : filtered through Whatman No.1 filter paper, the filtrate was

Green biosynthesis of copper oxide nanoparticles is of°!/lected in 250 mL of Erlenmeyer flask and stored in a
huge interest because of many advantages: copper is highffigerator at 4 0C for further use. 24.9 gm of copper
conductive and also cheaper than silver and gold [jjSu/fate [Cu(S@2.5H:Q], obtained from Himedia Pvt. Ltd.,
Copper oxide (CuO) nanoparticles are significant due t§/as dissolved in 1000 mL of deionised water to obtain
their applications as antimicriztis and in gas sensors, 0.1M of copper sulfate prgcursorsolunon. For the synthesis
batteries, hightemperature superconductors, solar energy| COPPer oxide nanoparticles 50 ml, 0.1M of copper sulfate
conversion tools, and so oni]. Human beings have been L[CU(S@)2.5H0] was taken and then 10 mL of Ginger
using copper (Cu) and copper complexes for variou?’,(tr?‘Ct was added slowly into the solution under magnet
purposes for centuries, such as water purifiers, algaecidedi"ng at 70°C for about 2 hours to form a light green
fungicides, and antibacterial and antifouling agentsCOPPEr hydroxide. The precipitate formed after an adequate
Copper is highly conductive and also cheaper than silvdime of stirring was coIIecte_d by centr_lfugatlon at 10000
and gold [vi]. Copper nanoparticles have attracte pm fc_)r _10 minutes. Cen_trlfuged particles were wa_shed
considerable attention because of very reactive and theffith distilled water ancubjected to further centrifugation
high surfaceto-volume ratio helps tinteract with bacterial &t 5000 rpm for 10 minutes. The separated light green
surfaces effectively [vii, viii]. The copper nanoparticles Precipitate was dried in an oven at 70°C for 2 hours and
were prepared through various green methodologies ar@found with help of a mortar. The powdered sample was
proved their superior antimicrobial activity against variousc@/cined in a muffle furnace at 380°C to get copper
bacterial and fungal strains fii]. The biofunctionalizd ~ ©Xide nanoparticles. Further CuO NPs were characterized
copper oxide nanoparticles were analyzed for antimicrobid?y UV-Vis, XRD, SEM, and biological activity.
activity against a variety of graositive, gram negative Characterization of Copper Oxide Nanoparticals
_bac_te_r_ial species, some fungal species and found thgf, /g Spectra Analysis
inhibition results were highly appreciable. Copper (Cu) and i .
copper complexes foravious purposes for centuries, such _ 1he color change shows that tEnger extract is
as water purifiers, algaecides, fungicides, and antibacteri&cting as a reducing agent. The formations of NPs were
and antifouling agents. Coppbased compounds are confirmed by th_e appearance o_f a charqctensuc surface
efficient biocidal properties, which are generally used inP!@smon band in the UVis region. U\Vis spectrum
more healtirelated applications [xikv].Gingerare known usually (_j_epends on the size of the_ syntheS|_zed p_art|cle and
for their antimicrobial activity against many organisms.th€ position of the alesption maximum shifts with the
Extracts of Ginger contain superior amounts of alkaloidsParticle size, as compared to bulk materials the

anthocyanins,  proanthocyanidins,  flavonoids, ~and@noparticles show enhanced optical property which may
cinnamates [xvi, xviil. be due to the high aspect ratio and the absorption maxima

shifted towards lower awelength region The WVis
spectrum CuO NPs was recorded using Equignics

About 30 g of Ginger powder was boiled with 100mL duatbeam spectrophotometer (Model BRQ6, Equip
of deionised water for 15 min. The extract obtained wag§ronics Pvt. Ltd.)

Materials and Method:
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X-Ray Diffraction and Sem Analysis solution B) Ginger Powder extract C) Copper sulfate

XRD analyses are used to find the phase purity an@nd Gingerextract solution.
size of synthesized crystalline materials.XRD is a-nonUV-VIS Spectroscopy
destruc;tive technique used for qu_alitatiye and quantitative  The confirmation of the synthesized Copper oxide NPs
analysis. The average crystalline size (D) of CuQpere carried out by recording WVis spectrum, this was
nanoparticle samples was calculated gsthe Debye o preliminary step to confirm the result. In the present
Scherrer equation. D_ = 0. gdk e Bigsththesid & cdppbt oRide NPsUwe/ by thd O WO
diffraction with CuKU I i nejqionsiGiflgeréxttdbtl Thd' Ul vidifleSspetitrtifi Was [ X Vi 1
xxi]. The size and shape of the gnlt cell fpr any crystalling.qcorded for aqueous leaves extractSimigerwith copper
compound can be measured using the diffraction-tiyé  qyjge NPs. The Surface Plasmon Resonance (SPR) of these
and with tie aid of JCPDS software. metal oxide NPs shows peaks produced during the reaction.
Scanning electron microscopy (SEM) is a technique oAqueous extracts of the experimental plants yielding the
electron microscope, employed for the characterization d8PR peaks dbingerCuO nanoparticles 290 nm [xxv], The
size, shape and morphologies of formed nanoparticle. SEMV-Vis spectrum of CuO nanoparticles shown in figure 2
gives highresolution images of the surface of a desiredconfirmation of the synthesized CuO nanoparticle in hano
sample. scale by the Surface Plasmon Resonance peak occurring
Evaluation the  Antibacterial Activity of  around 290nm for the CuO nanoparticles synthesizedusi

Biosynthessized Cuo Nps the extracts oGinger.

Antibacterial study of the Copper oxide nanoparticles _1he reduction of copper sulfate to copper ions are
synthesized using plant extract were tested by the modifigdentified by the color change from light blue to dark
Kirby i Bauer disc diffusion method [xxiixxii] against 9r€enish shown in figure 1
various pathogenic bacteria of gragositive §. aureuy 1.4 _
and gramnegative strainsg. coli). Two major pathogens (c) UWVis spectra of CuO NF

(S. aureus, E. cqgliwere taken for analysis. 1.2
Two plates for each organism containing solidified 1 // \

agar media were prepared and swabbed with respective| 8 \
microbial into the column. The fourth disk of each plate T 0.8
. . o
was i mpregnated with a 50 g3 \ » of Cu
nanoparticles. Another two plates cfoh organism have 2 0.6
one disk in each plate that was loaded with a concentration| < 0.4 \
of 10 ¢ g-known amtitbactevial trlig, Gentamicin; ' S

it was used as a positive control. All these 6 plates were 0.2
incubated at 37 OC for 24 hours.

Resultsand Discussions 0 ' ' ' ' ' '
. . . 200 250 300 350 400 450 500
Synthesisof Cuo Nps Using Ginger Wavelength (nm)
The preliminary indication of the formation of Ejgyre 2.Uv-vis spectra of CuO NPs synthesized using
nanoparticles is by color change, it was observed that Ginger extract.
significant color change appeared after 30 min and final .
greenish color was obtained after 60 min. Cu ion reducedRD Analysis:

into CuO nanoparticles during exposuoepiant extracts The high intensity with narrow width of CuO diffraction
was observed, the color changes at different stages apeaks confirms the desired product was highly crystalline.
shown in figure.l. The final color change confirmed theThe XRD spectra of CuO NPs are shown in figure 3 which
completion of the synthesis process. The color change iadicates structural information and crystallinity.

due to the Surface Plasmon Resonance phenomenon (SPR*
i.e. the interation of electromagnetic radiation of UV CuO NP
light, and free electrons of metal oxide nanopatrticles as & 4000
result of resonance it gives the SPR absorption band [xxiv]| __

:53000

s,

> 000

81000

L

IS 0

10 30 50 70
. . 2' Position

Figure 1. (c¢) Photographs of colour change of CuO

nanoparticles usingGinger extract. A) Copper sulfate
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Figure 3. XRD spectrum of CuO NPs synthesized The antibacterial activities of CuO NPs against gram

using Ginger Extract. positive Staphylococcus aureysstrain reference NCIM
According to JCPDS, t he 20§%angoramegativebgcteriEscherichia co, straéng. i s
18.31, 37.95, 48.41, 50.74, 58.64, and 61.85 are assign&gference NCIM 2109, was ‘performed using the disc
to corresponding plane. The average crystalline size Jfiffusion method and their activity was compared to a-well

CuO nanoparticles was calculated using Scherrer'gnown commercial antibiotic Gentamicin are shown in

equati on,
wavel ength

o=

D

0. 9 agé fRdicesizd, , . 10 e
radi 4NE @rgnhical repgesegion_showed in fig . Fgom fhe 5 1 g

of

t he

figre & The resultsare eyalygted and listed in Table 2 and

maximum (FWHM). The average particle size (D) of antibacterial inhibition results, CuO NPs observed bacterial
synthesized CuO nanoparticles was calculated usinrgc'[i"ity against all bacterial strains. Tigaureus(gram

Scherrer's formula is nearly 24.27 nm. The XRD patter

and its parameters arevgn in Table 1.

ositive) show more zone of inhibition (9.85+0.2) as
compared td.coli (9.08+0.2) (granmegative). Especially,
S.aureus (grampositive) showed higher activity than
standard drug, Gentamicin (9.40+0.4). Therefore, we can

Sem Analysis

The morphological studies of biosynthesized copper
oxide nanoparticles were carried out by using the scannin
electron microscopy (SEM) method and magnification of
SEM micrograph carried out at 44.56 KX as shown in
figure 4.

Angle d d- FWHM Particle size conclude that the biosynthesized copper oxide

2d spacing D(nm) nar)qparticlgs were shown considerable antibacterial
1831 | 9.15 | 0.4840 | 0.8349 9.63 activity v, xxviil.

37.95 18.97 | 0.2368 0.4249 19.77

48.41 24.20 | 0.1878 0.4858 17.92

50.74 25.37 0.1797 0.1427 61.60

58.64 29.32 0.1572 0.3420 26.64 b

61.85 30.92 | 0.1498 0.9188 10.07 ;

Mean = 24.27 l o
Nm
Table 1.XRD parameters of crystallineCuO NPs / Sinlte
{

It was observed that the particles were aggregated wit
small grains. It is evident from the SEM image that the Figure 5. Plate having underlined disc showing
morphology of particles is uniformly distributed, well 5 iipacterial activity of CUO nanoparticles against (a)

dispersed, and equally distributed in all directions most o S.aureus (b) E.coli (c) positive control of S.aureus and
the CuO nanoparticles aresteagglomerated with spherical (d) positive control of E.coll

shapes and clear dshaped morphology. The
experimental results show that the prepared copper
nanoparticles, using the extract@inger,are in the range
20-100 nm, and the shape is found like spherical as shown
in above fgure.

EMTe 300 SoWATIRM  Due 21 Jen 2000
WOs 42mm  Megr MSEKX  Trre 134420

Figure 4. SEM images of CuO nanoparticles
synthesized usindgsinger extract.

Antibacterial Study of CuO NPs
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Zone of Inhibition (mm)

Sr.No
Nano
Test sample Standard
Organism
(pathogen) CuO NPs | Gentamicin
using asPositive(P)
Ginger Control 10
50 €49/ eg/ mL
1 S.aureus 9.85 +0.2 9.40 +0.4
2 E.coli 9.08 £0.2 9.65 +0.2

Table 2.Zone of Inhibition (ZOI) of CuO NPs against
S.aureus E.coli and positive (P)

Control

10

© © ©
> o o

zone of inhibition
(V-]
N

8.6

E.coli

S.aureus

u Zone of Inhibition
(mm) 50 (ug/mL)

u P.control
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Abstract:

Click chemistry and bioorthogonedactions have revolutionized modern heterocyclic chemistry and chemical biology by
providing robust, chemoselective transformations that proceed under mild conditions. This review covers the foundational
reactions (CUAAC, SPAAC, IEDDA), their roles inililing heterocyclic scaffolds (notably 1,2t@8azoles, tetrazines, and

related frameworks), synthetic strategies for fused heterocycles, comparative literature case studies in medicinal and
biological applications, structuractivity considerations, andeeent advances (2028025). Representative structures,
reaction schemes, and more than ten assigned references are included.

iC acid functiongy; .
‘\\)G\e lZa[Ioo

Bioorthogonal

reactions

Synthesis of ADC®

Introduction : ligands is crucial for bioconjugation protocols Rostovtsev
The click Chemistry conce@ta set of Simple, et al. (2002), Tornge et al. (2002), and Hein & Fokin

modular, highyielding reactiond was formalized in 2001 (2010).

and has since become indispensable in organic synthes&train-Promoted Azide Alkyne Cycloaddition

medicinal chemistry, polymer science, and chemica{SPAAC).

biology. Bioorthogonal chemistry (reactions tthaccur SPAAC uses strained cyclooctynes to react with

inside  living systems without = perturbing  native o ganic azides without a catalyst, rendering it compatible
biochemistry) emerged as a critical extension enabling iith jive-cell and in vivo applications. A range of
vivo labeling and reaime molecular imaging. cyclooctyne derivatives (DIFO, DIBO, BCN) optimize
Key foundational works: Kolb, Finn & Sharpless kinetics vs stability (Mbua et al., 2011).
(2001) introduced the ‘click’ framework; the copper |nverse-Electron-Demand Diels Alder (IEDDA) &
catalyzed azidealkyne cycloaddition (CuAAC) was Tetrazine Ligation.
established by Rostovtsev et al. and Tornge et al. in 2002; . o
strainpromoted azidiealkyne cycloaddition (SPA®B) The tetrazinétranscyclooctene (TCO) ligation is
enabling coppefree labeling was introduced by Agard, CL_JrrentIy among the fastest bloorthogonal_reactlons known,
Prescher & Bertozzi (2004); and the fast tetrazine ligatiofith rate constants often orders of magnitude greater than
(IEDDA) was reported by Blackman, Royzen & Fox SPAAC. It is widely used for pretargeted imaging, drug

(2008). delivery, and rapid bioconjugatiqHandula et al., 2021).
Fundamental Click Reactions and Mechanisms Other Bioorthogonal Reactions

Copper(l)-Catalyzed Azidg Alkyne  Cycloaddition ~ Additional  methods include  oxime/hydrazone
(CUAAC). ligations, Staudinger ligation (early bioorthogonal

approach), straipromoted inverse electresemand
reactions, and newer carbene or nitrile oxidesed
transformations.

CuAAC generates 1;disubstituted 1,2;3iazoles
with high regioselectivity and functiorgkoup tolerance.
Mechanistically, it proceeds via coppatetylide
intermediates; careful control of copper oxidation state and
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Heterocyclic Scaffolds Accessible by Click and
Bioorthogonal Chemistry:

1,2,3Triazoles: The prototypical clickderived

systems useful in ligand design for kinases angr@ein
targets (Arandhara et al., 2023).

Comparative Literature Case Studies

heterocycle. Triazoles are metabolically stable, polar, angh,¢e Study 1: 1,2,3riazole Hybrids as Anticancer
act as amide bioisosteres; they serve as linkers and COfents w

pharmacophores in many drug leads (Bozorov et al., 2019;

Vaishnani et al., 2024).
Representative structure (1,2r8zole):

. i =N H N
1,2,3-Triazole (1) N,N = ( N = N
H N H N
1H-1,2,3-Triazole ~ 2H-1,2,3-Triazole 4H-1,2,3-Triazole
. i N=) H =
124 Triazole () (N,N - w = XNI'N
b N H N
1H-1,24-Triazole ~ 2H-1,2,4-Triazole 4H-1,2 A-Triazole

Tetrazines and Dihydropyridazines:
Generated/used primarily as reactive partners i

n
IEDDA,; tetrazines are heterocyclic and also exploited as

Summary: Several reports (202®23) describe
1,2,3triazole-containing hybrids showing antiproliferative
activity across cancer cell lines. Triazoles act as linkers or
pharmacophores; studies highlight SAR trends where
electronwithdrawing substitution onthe aryl moiety
enhances activity.

Representative studies: Bozorov et al. (2019) reviewed
triazolecontaining  hybrids with anticancer and
antimicrobial profiles; more recent synthetic reports
demonstrate straightforward cliddlased assembly of
library compounds followed by biological scrémm
(Bozorov et al., 2019).

Case Study 2: Tetrazine Ligation in Pretargeted
Imaging and Drug Delivery.

Summary: TetraziriefCO chemistry has been applied
to pretargeted PET imaging and targeted drug delivery
owing to its rapid kinetics and bioorthogonality. Blackman
et al. (2008) first reported exceptionally fast tetrazine
ligations; subsequent translationastudies enabled
radiolabeled probes and prodrug activation strategies.

Comparative insight: Compared to SPAAC, IEDDA

fluorescent quenchers or switchable motifs (Blackman e®ffers much faster rates (beneficial for in vivo capture), but

al., 2008; Scinto et al., 2021).
Representative structure-t@razine):

N—N

()

N—/—N

Triazolines, Isoxazoles and Related Heterocycles:

Accessible via cycloadditions and patick

tetrazine stability and selectivity profile must be balanced
for circulation lifetimes (Blackman et al., 2008; Handula et
al., 2021).

Case Study 3: Glycan
(Bioorthogonal Glycobiology).

Summary: SPAAchased labeling of azidegged
glycans permits visualization of glycan dynamics in cells
and organisms. Agard, Prescher & Bertozzi (2004)
demonstrated coppéree click for labeling in living
systems, enabling broad use in chemical glycobiology.

Comparative insight: SPAAC is broadly biocompatible but

Labeling via SPAAC

transformations; these motifs are used in medicinakjower than IEDDA; for longerm labeling SPAAC

chemistry and materials science.
N
SNa
N/ N
H

o/
Triazolines

Isoxazoles

Synthetic Strategies to Construct Fused Heterocycles
Using Click Reactions

derivatives (e.g., DIBO, BCN) offer a favorable stability
reactivity balance (Agard et al., 2004).

Case Study 4:Intramolecular Click to Access Fused
Triazolo-Heterocycles

Summary: Recent methodologies show intramolecular
CUuAAC followed by annulation yielding fused triazelo
pyrimidines and related scaffolds. Such fused systems
often display improved potency in enzyme inhibition
assays due to conformational preorganization.

Click chemistry enables rapid assembly of complexRepresentative synthetic example:
heterocyclic frameworks via: (i) tandem or cascadearandhara et al. (2023) reported efficient construction of

cycloadditions, (ii) intramolecular CUAAC to form fused
triazolo-fused rings, and (iii) postlick modifications
(oxidation, crosgoupling) to elaboratéhe core.

Example: Intramolecular azidalkyne cycloaddition on
bifunctional precursors yields triazefased polycyclic

dihydro[1,2,3triazolo-pyrimidoisoindolones,
demonstrating the utility of clicknabled annulation
strategies.
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Structurei Activity ~ Relationships  and Design  Recent Advances (202025)

Considerations Developments include: Aassisted design for cliek
Triazole incorporation can influence lipophilicity, enabled probes, greener synthesis of cyclooctynes, rapid

hydrogenbonding patterns, and metabolic stability. Intetrazine variants for ultrafast capture, and expanded use of

tetrazine ligation, tetrazine electron deficiency correlateglick for constructing fused heterocycles with direct

with reactivity; substitutions tune kinetics and in vivo biological evaluation. Review$1i2021 2024 summarize

stability. For fused heterocyesd formed via click, ring bioorthogonal toolkits and applications.

fusion rigidifies the scaffold, often improving binding -gnclusion and Future Outlook

affinity (Hein & Fokin, 2010; Arandhara et al., 2023). ) . ) .
Click chemistry and bioorthogonal strategies have

Challenges, Limitations, and Safety Considerations become core tools in modern heterocyclic and medicinal

Challenges include: copper toxicity in CuAAC chemistry. Their modularity, selectivity, and compatibility
(limiting in vivo use), metabolic stability of some strained with biological systems enable rapid probe and drug
alkyne partners, potential effirget reactivity, and candidate assembly. Future trends ptointard even faster,
synthetic access to complex strained reagents. Recemore selective ligations, sustainable reagent design, and
advances focus on improving catatiste alternatives and  clinical translation for imaging and targeted therapeutics.
tuning tetrazine/tCO stability.
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Synthesizing Quinoxalines Derivatives from 1, 2liketones and 1, 2diamines
Using Different Solvent System
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Abstract:

It present a direct, efficient, and environmentally sustainable method for synthesizing quinoxalines derivatives
from various 1, Aliketones and 1,-8iamines. The molecular iodine that is used as a catalyst is inexpensive and easily
accessible. This appoh not only serves as an alternative to traditional acid/base catalyzed thermal processes but also
aligns with the principles of environmentally friendly and safer practices. The ambient conditions, rapid reaction rates,
high product yields, and straightivard workup procedure collectively underscore the significance of this methodology.

Keywords:Quinoxaline, Phenol, 1,-B i a mi -Dilketonej Condensation reactions, Antiviral drugs.

Introduction: and substituted -phenylene diamines in DMSO [22],

The primary goal of medicinal and organic chemists isCH:CN [23]. Diverse catalysts utilized for quinoxaline
the design, synthesis, and manufacture of molecules withlénd such as IBX [24], Oxalic Acid [25], SBSSA [26],
therapeutic activity. Heterocyclic ring organic compoundsvicrowave/|2 [27], SnGISIO; [28], 12 [29], Ultrasound
are abundant in nature and play a significant part in a widiradiaton [30], NH,CI [31], (NHs) 6MeC..4H;0 [32],
range of biological reaaihs. There is a wide range of Citric acid [33], ionic liquid [34], Bentonit Clay #.0 [35],
biological actions that quinoxalines exhibit, including ACOH [36] and BSA [37]. We uncover in this our comes
anticancer, antibacterial, and kinase inhibitors. Thes@P0ut for the union of quinoxalines utilizing catalytic sums

chemicals are extremely significant because of theiPf Phenol in water as an acidic arrangement at room

significance. In addition to these applications, quinoxalinelémperature.
find extensive use in various fields such as the productioMaterials and methods

of stiff subunits in  macrocyclic  receptors, The reactions were conducted in oxdzied glassware
electroluml_nescent materials, organic semlc_onduc_:tors angith a nitrogen atmosphere using standard apparatus such
DNA-cleaving agents. The synthesis of quinoxalines hagg 5 syringe, cannula, and septa. The solvents were distilled
attracted significant attention in reteyears due to their ,gar being dried with sodium/benzophenone or calcium
diverse applications in medical, industrial, and synthetionydride_ The reagents were phased from commercial
organic chemistry [2]. sources and were not further purified unless specified
Quinoxaline subordinates are a really vital course oflifferently.
nitrogencontaining compounds and have been broadlyzoq it and Discussion:
utilized in dyes [3] pharmaceuticals -} and ) .
electrical/photochemical materials -Jd]. Quinoxaline ~ They achieved a novel, gentle, and environmentally
ring moiety constitute portion of the chemicalstures of ~ ffiendly onepot synthesis of functionalized Phes(gl 3-
different antimicrobials such as Echinomycin, Levomycin diphenylquinoxaliré-yl) derivatives directly from the
and Actinoleutin [1213] that are known to hinder correspondmg 1_,—2||_am|nes anc_i dlpenzoylacc_etylene in the
development of gram positive microbes and are dynamiprésence of iodine in an organiedium, marking the first
against different transplantable tumours. A number offStance of such synthesis. This was accomplished without
manufactured methodologiesate been created for the the use of any catalyst. A S|gn|f|can.t contribution to th.e
planning of substituted quinoxalines [18]. By remote, development of green chemistry will be made by this
the foremost common strategy depends on th&hemical sequence.

condensation of an aryl tdlamine with a 1,alicarbonyl Ry R,
compound in refluxing ethanol or acidic corrosive fir 2 O ' 1 (10 molé) ’ O
12h giving 3485% vyields [17]. As of late, Heravi et al. 0 Q'\”f CHON Q‘\
+ -
0 NH;
Ry
Rj
1 2

[18] and More et al. [19] detailed greener strategies for the
blend of quinoxaline subsidiaries in green solvents
(EtOH/H:0), utilizing copper sulphate pentahydrate and
cerium (IV) ammonium nitrate as catalysts, iuidually.
2,3-Disubstituted quinoxalines have too been arranged by
Suzuki Miyaura coupling reaction [20], condensation ef o - Scheme 1:Synthesizing quinoxalines from various %, 2
phenylenediamines and ig&arbonyl compounds in diketones and 1,-diamines.

MeOH/AcOH beneath microwave irradiation [21], iodine The condensation of benzehg-diamine with 1,2

catalysed cyclocondensatiohl,2 dicarbonyl compounds  diphenyl ketones was selected as a model to produce

o

Py Z
N
3:30 min Ry O

]

R,
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compound 1Q (Scheme 1), and its behaviour was examindthble 1: Variation of solvent / reaction time / temperature
in the presence of lodide catalysts in Acetonitrile at rooni % yield of quinoxaline derivatives

temperature in order to identify an appropriate catalyst for 1,56 1 shows that. in comparison to inorganic
the synthesis of quinoxalines from 42 a mi ne-s adbis dhenol, an organic catalyst, produced favourable

diketones. : . outcomes. Table 1 provides a summary of all reactions. The
Entry | Solvent | Time Temperaturg % use of Acetonitrile in this reaction produced only moderate
(h) (°C) Yield product yields (87% after 30in), despite the fact that
1 Water 3 RT Nil water is a desired solvent for chemical reactions due to cost,
- safety, and environmental issues. Several solvents were
2 Water 5 RT Nil investigated in order to select the best one.
3 Water 10 RT Nil Conclusion:
— In summary, we have developed an efficient method
4 | Acetonitrile | 30 RT 87 for the synthesis of quinoxaline derivatives via the
5 Methanol 55 RT 55 condensation of 1,-8 i a mi n e-diketaniest This rllbw.
strategy has several advantages, such as excellent yield,
6 DCM 20 RT 45 mild reaction conditions, and short rdtion of reaction
time, low cost, simple experimental as well as isolation
7 DMSO 48 70 15 procedures, and finally, it concluded that various method
of preparation of quinoxaline, synthesis of quinoxaline
8 DMF 36 70 20 along with pharmacological activity.it was observed that
quinoxaline moiety may possess substitution which show
9 Ethanol 28 RT 50 the different pharmacological activity.
10 Isopropanol| 25 RT 40
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Abstract:

A Schiff base ligand derived from (8)'-((1H-indol-3-yl)methylene)isonicotinohydrazide was synthesized, along
with its transition metal complexes of Fe(lll), Co(ll), Ni(ll), Cu(ll), and Zn(ll), using microwave irradiation as a green
approach, contrastingiith conventional methods. The structures of these compounds were thoroughly characterized
through elemental and spectroscopic analyses, includingitRMR,and electronic spectra, elucidating their geometrical
arrangements. Furthermore, the thermal Btabof the Cu(ll) and Zn(ll)complexes was investigated via thermo
gravimetric analyses (TGA). Elemental analysis confirmed a a@tajand stoichiometry of 1:2 molar ratio. Additionally,
the complexes were screened for their potential biological aefivpparticularly antimicrobial properties.

Keywords: Microwave Method; Schiff base ligand; thermal study; biological activity.

Introduction by relatively a small number of reports in the available
. ) o . . literature in comparison with inorganic and organic

In recent year microwave irradiation technique isgynihesis [7]. Prompted by the above mentioned biological
green chemical method, the application of microwave 3nq muyltifunctional activies of Schiff bases and their

assisted is useful technology in organic synthesis becauggeig) complexes as well as the utility of microwave

it is simple, sensitive, reducing the hazard, often possiblgagiation in inorganic syntheses, in continuation of our
to decrease reaction times toeavfminutes under solvent _efforts to synthesize novel heterocyclic molecules of

free or lower solvent and increase the yields and easigfiy|gical importance [80].

work up as compared to conventional methods Thie . .

reactions are very fast and are completed within short times . ©0mpounds containing azomethine groudG=N-)

and purity enhanced as compared with conventiond€ferred to as Schiff base. They are conde_nsatlon product
heating méhods [2]. Among others, microwave (MW) pf_ _ketones or aldehydes with primary amines and were
assisted methodology has established and can be us@ifial reportable by Victor Hugo Schiff in 1864 [11]. Schiff
carefully to substitute for conventional laboratory heatingg_ases_are biological active compoaritiey possess lots of
techniques; a number of chemical transformations havBiological activities like anticancer [12], plant growth
been realized thereby improving many existingtpcols |nh|_b|tors _[13] |nse_ct|C|daI [14], antldepressant [_15],
with superior results when compared to reaction&ntibacterial [16], antinflammatory [17], anttuberculosis

performed under conventional heating conditions [3]. [18], antimicrobial [19] and anticonvulsant drug activity
20
In many cases, reactions that normally require many[/ ] . . . .
hours at reflux temperature under classical conditions can N Present investigation, we synthesized Schiff base
be completed within several minutes or even seconds in'g°™M 1Hindole3-carbaldehyde and isonicotinohydrazide

microwave oven [4]. Recent simplifications of microwave " the presence of_acet_ic _acid as catalyst in ethanol mediu_m
reaction enhancement technighese increased safety and Under microwave irradiation. We expected to the synthesis
practical utility of the microwave oven for their use in Of Néw Schiff bases using me@wvave irradiation due to

chemical laboratories without any modification [5]. easy to workup, improved better yield as well as
L . _completion of the reaction time is less.
Application of green and sustainable chemistry

protocols has seen enormous surge in recent times for the
development of novel and edagendly methodologies
towards the synthesis of valuable synthetic scaffolds and
drug intermediates [6]. Microwave syntless of
coordination and organometallic compounds are presented
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used without further purification. Solvents were purified O
and dried according to the literature method. All chemicals \
were obtained from Sigmaldrich and used without

purification. ThelHindole-3-caibaldehyde with

isonicotinohydrazide; the remaining all chemical solvents HN o
were purchased from Spectrochem Ltd. \ /N\N/ S
Physical measurements A \ N

Elemental analysis (C, H, N,) was performed using
Perkin Elmer CHN analyzer. IR spectra of the ligands and Proposed structure of Metal complexes-e(lll),
their metal complexes were recorded dBruker Co(ll), Ni(I1),Cu(il), Zn(I1)
spectrometewithin the range of 4000400 cm®. Thermal Scheme 2. The schematic route for the synthesis of
studies of the complexes were carried out on a Perkin metal complexes.
Elmer diamond TGA instrumentH-NMR spectra of the Result and Discussion
ligands were recorded on Bruker spectrometer using

Experimental Section: ~ H
. N
Materials and Methods | N_ =
. . = = N \
All the analytical grades, reagents, and chemicals were \ NH

DMSO-d6 as a solvent and TMS as internal standdeks In the present study of microwaassisted synthesis,
spectra were recorded on water, Qt of micromass-(ESIt Was observed that the reaction time had been drastically
MS). reduced with a better yield of the products. The difference

. . was observed probably due to the strong microwave effect

Synthesis of Novel Ligand and due the increase o#ian rate [21]. The conformation

A mixture of 1.45gm (0.01lmmol) Ihdole-3-  of results was also checked by repeating the synthesis
carbaldehyde with 1.37gm (0.01mmol) process. The microwave irradiation technique was
isonicotinohydrazide were placed in flask and irradiated ircompleted with 1296 sec. and yielded &6%. All the
a microwave oven for 30 minutes completion of thetransition metal complexes are colored, solid, and stable
reaction was monitored by TLC. The reaction mixture wasowards air and moisture at room temperature. They
allowed to attain room temperature; the solid productpossess a sharp melting point. The complexes are soluble
washed with pet ether and recrystallized from ethanolin dimethyl formamide and dimethyl sulfoxide but
Yellow crystals obtained. (Yield: 96%). (Schei): insoluble in common organic solvents.

CHO 0 " Elemental analysis
. y H . . .
©f\g + @AH ‘ i NOH{H P The elemental analysis of Schiff base ligand (Found:
i 7 30Min. S N o C=67.13; H=4.38; 0=6.02; N=21.15%); (Calculated: C=
. o _ , 0 . 68.17; H = 4.58; 0=6.05 N =21.20%) indicated that the
1H-indole-3-carbaldehyde isonicotinohydrazide (E)-N-((2H-indol-3-yl)methylene)isonicotinohydrazide

_ . ligand has the molecular formula i.e.5812N40.
Scheme 1: The schematic route for the synthesis of i i
Schiff base Ligand (L). Physical Properties
Physical properties of the novel ligand and metal
complexes summarized in Tablel

Synthesis of Metal Complexes

The complexes were synthesized by mixing th ) )
appropriate metal nitrate with the required amount of treﬁg Molecular formula | - Colour | M.P.(c) | Time Y'o/eo'd
ligand in a 1:2 metal to ligand ratio. The reaction mixture
was irradiated in a microwave oven at 750 W for-126 1 | CisH1N4O (Ligand) Yellow 326 30 96
second. The final products were wadhvth hot ethanol, min
filtered and dried at room temperature. The metal salts uge@ | [(CisH12NsO)x(Hz0)] Light 274 142 | 92
were Fe (N@)3.9H,0, Co (NQ)2.6H,0, Ni (NO3),.6H:0, Fe Yellow sec.

Cu (NG)2.3H:0 and, Zn (NG@). .6H0. (Yield: 87-93%) 3 | [(CisH12N4O)(Hz0),] Green 253 180 89
(Schem: 2) Co sec.
4 | [(C1sH1N40)x(H;0)] Light 263 120 | 90
Ni Green sec.
5 [(C15H12N40)2(H20)2] Greenish 238 167 87
Cu sec.
6 | [(CisH12NO)(H,0)) Yellow 276 194 | 93
n SecC.

Infrared spectral Analysis:

The IR spectrum of novel Schiff base ligand show the
characteristics band at 1646 ¢mhich assigned to (C=N)
stretching vibration, which indicates the presence of
azomethine group in the ligand [20]. The spectrum show
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vibrational band at 3300 chindicates (NH) stretching in  weight loss of 4.08% (calcd. 6.07%) in the range of 28

the ligand. The stretching at 1574éntorresponds to 2 1 0 l oss of pyridine ring |
aromatic (C=C) bonding in the ligand. The band observea weight loss of 7.22%(cal.7.74%) in the range of-226
at 3032 crmt indicates aromatic () stretching [22]. attr i bealésadsihdele mocety aftbr weight loss

Cu complex the band observed at 1610 attributed of 81.62% (Calcd.83.06%) in the range of 3B 6 | oss

to the stretching vibration of azomethine (C=N) group,Of organic moiety and formation of stable metal oxide

whereas in spectrum of ligand same band is observed guO) [27].

1610 cmY23].The bands observed at 29428400 cm The TG curve of Zn(ll) complex indicates a total
1and 1540cm were assign to aromatic {&) stretching, weight loss of 98.51% (calcd.99.69%) which is observed
(N-H) stretching vibration and aromatic (C=C) stretchingin two steps (i) a small weight loss of 5.48% ( calcd.5.45%)

respectively, The most characteristics bands appeared iatthe range of 32 2 8 |l oss of pyridin
462 cm® and 645 cmt was due to (MN) and (MO)  step involved a weight lossf 7.25%( cal.6.78%) in the
stretching respectively whereas same bands are observedrahge of 2284 1 5 attributable to the
Zn Complex at 950 cmt, 3415 cm and 1550 c in  after weight loss of 85.78% (Calcd.87.46%) in the range of
spectrum of ligand respectively. The most characteristicd155 9 5 |l oss of organic moiety

bands appeared at 460¢and 640 critwas due to (MN)  metal oxide (ZnO).

and (MO) stretching respectively, which confirms the sntimicrobial Activity :

formation of metal ligand bonding [24]. Above bands ) _ . _

which are appeared in spectrum of complex are not 1he synthesized Schiff base ligands and its metal
appeared in spectrum of ligand that confirm the formatiorfomplexes was shows against selected bacteria Escherichia

of metal complex with sible metal ligand bonding. coli Staphylococcus aureus and Salmonella Typbre
IHNMR spectral studies grown overnight at ¥ temperature [28]. Determination

of minimum inhibitory concentrations (MIC) by Micro
Observed®HNMR peaks (ppm) of novel Schiff base Broth Dilution Method was evaluated against test bacteria
ligand show different peaks. The characteristic peakfor the concentration ranging between 0.4ug/ml to
observed at 8.24 ppm is due to H from azomethine groud.00ug/ml.DMSO and compared with antibiotics viz.
The Peak observed at 11.88 ppm is due {b-Mom of  Streptomycin[29]. The Synthesized metal complexes of
indole ring The peak observed at 11.52 ppm is due to HCo (II) and Ni (I1) were observkvery good activity against
from CO-NH group. The peaks observed at 72096 ppm  Escherichia Coli as compared to novel ligand andlife
are due to Hrom aromatic rings [25]. Cu (II) and Zn (II). Metal complexes of Co (II) and Zn (II)
showed excellent activity againStaphylococcus Aureus

. . bacteria as compared to novel ligand, Cu (j,(1l) and
The mass spectrum study of novel Schiff base ligand 7|, (). Metal complex of Ni (II) and Cu (Il) showed

showed a peak at m/z. 264 (M+1) that corresponds 10 thegycellent activity againsBalmonella Typhi bacteria as

molecular weight of the Schiff base ligand 265. compared to novel ligand, Co (IBnd Zn (1) The novel

Electronic spectra Schiff base ligand exhibited low bacterial activity as
The U\.isible spectra of the complexes were compared to their me’gal comes. AI.I metal complexes

recorded in DMSO solutions in the wavelength range 2005h0Wed very good antibacterial activity.

800 nm at room temperature. The spectral data of theTable 2: Antibacterial activity of Novel ligand and their

Mass spectral studies

transition metal complex Cu (Il) and Zn (1), complexes are metal complexes.

illustrated, Cu (1) complex indicates tiieree absorption Sr.No. | Compounds Minimal inhibition Concentration
bands at 38461ct) 35087 cimt and 25974 crinm. These (ug/ml)

transitions may be assigned By © 2A14 ( 3, 2B1g © E.Coli | S.Aureus| S.Typhi
By (B, ZBflg é) 2(E|g (2 relspecti\k:ely The elggtronic 1 Ligand 100 125 100
spectrum of Cu complex shows transitions are

consistent with the characteristic tetrahedral geometry [26}: 1 Fe (I) Complex 150 20 100
The electronic spectrum of the Zn (I1) complex shows threg-2 Co () Complex 50 100 125
absorption bands at 38167 ¢/83898cnt and 26315cm, 3 Ni (I1) Complex 75 100 75
which may be assigned f#4C 3Too( F )),CA340 3Tyq 4 Cu (I1) Complex 125 100 50

( F)) (%820 3Tig( p )a) respectively. This complex |5 Zn (1) Complex 100 50 100
shows tetrahedral geometry. Conclusion:

Thermal analysis of metal complexes In the present work, we have synthesized a new (E)

The TGA curves of the metal complexes were studiedN'-((1H-indol-3-yl)  methylene) isonicotinohydrazide
where the heating rates were suitably controlled agchiff base ligand and its metal complexes by Microwave
1 0 miunder nitrogen atmosphere and the weight lossnethod. These synthesized compounds characterized by
was measured from 28 to 6 5fectralTahalyses. Gn thel fesul ofonhicro@assisted | )
complex indicates a total weight loss of 92.92%synthesis; it has been observed that the reaction time
(calcd.96.87%) which is observed in two steps (i) a smaljlecreased from hours to minutes and better yield. This
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method is simple, mild and eddendly from green
chemistry approach. All the synthesized ligand and metal
complexes shows excellent antibacterial activity agains&hemistry
selected bacteria. '
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Abstract: Heterocyclic compounds are central to medicinal chemistry, forming the basis of over 60% of approved drugs.
Their electronic versatility enables strong interactions with biological macromolecules. Recent trenti202624

emphasize sustainable synthesésmulticomponent reactions; @ functionalization, photo redox catalysis, and Al

assisted design. Fused heterocycles such as indoles, pyrazoles, and imidazole demonstrate potent anticancer,
antimicrobial, and antiviral activity. This review summarizestlgtic strategies, structtiractivity relationships, and

medicinal applications, highlighting future directions forg\lided, environmentally friendly heterocyclic drug

discovery.

Keywords: Heterocyclic compounds; Green synthesis; Multicomponent reactions; Medicinal chemistry; SAR; Photoredox
catalysis

Introduction: Recent Synthetic Trends

Heterocyclic compounds, containing nitrogen, Multicomponent Reactions (MCRS)
oxygen, or sulphur in cyclic frameworks, are prevalentin  \1crRs  enable onpot formation of complex
natural products and pharmaceuticals [1]. They facmtat%eterocycles enhancing atom economy [8]. The Biginelli
hydrogen Hondiimtger acti ons,g4 catnido n Mg Ed@t&bstem y+dgea) +has fbeen
coordination, enhancing biological activity [2Classic optimized under microwave and solvérge conditions
examples include caffeine, purines, indoles, quinolones,;p yields up to 92% [9]. Atoupling reactiorcatalyzed
a n dlactams. More than 60% of FD&pproved drugs .y copper or iron nanoparticles efficiently  yield
include at least one heterocycle [3]. propargylamines, intermediates foriéterocycles [10].
Historically, methods like the Fischer indole synthesis, aan and EnergyAssisted Methods
Hantzsch pyridine synthesis, and Biginelli reaction . ) ) .
provided foundational approaches [4]. However, these Microwaveassisted organic —synthesis (MAOS)

methods often involve harsh conditions, toxic solvents, anffduces reaction times and increases yields. Ultrasound
multi-step reactions. The 21st ¢ery has seen a shift assisted methods enhance heterogeneous reactions through

toward green, atoreconomic, and sustainable methodsc@vitation [11]. Flow chemistry allows precise control of
[5]. reactlon pargmeters and scalab:l@orromng_hydrogen
) catalysis using earthbundant metals provides redox
Between 2024 and 2026, advances includ,q sl synthesis of Keterocycles [12].
multicomponent reactions

(MCRs), ) o
microwave/ultrasoundssisted reactions, continueilsw ' H Functionalization and Fused Heterocycles
Direct QH

chemistry, and computational tools like ChemDraw and activation eliminates pre
AutoDock Vina [6,7]. This review focuses on recentfunctionalization, enabling fused heterocycles like triazolo
sustainable synthetiapproaches, medicinal applications, pyrimidines, spireindolines, and benzothiazoles [13].
and SAR analysis of heterocycles. Fused systems offer rigidity and selectivity, while visible
light photoredox catalysis allows mild fumanalization

Figure 1: Timeline of Key Heterocyclic Milestones (1950s—2020s) [14].
Table 1. Comparison of Synthetic Methods
19505 ) ‘ 1970s 2010s 20205 ‘ Method Y(:;)I)d Steps | E-Factor | Example Compound
Fischer Biginelli C-H Green&AI—% p; ] . Lo
Indole | | Reaction Activation Assisted Methods MCR ] 85192 One Low Dihydropyrimidinon
| Synthesis | \ , (Biginelli) pot e
| ’ Microwave 80i 90 1i2 Moderat Substituted indole
(] ] ° isted
19505 1970s 1990s 2010s 2020s -assiste =
Fischer Biginell Microwave C-H Green & Flow 7588 Conti Very Fused indazole
Indole Reaction Synthesis Activation Al-Assisted Methods photoredox nuous Low
Synthesis
CiH 701 85 Single Low Triazolo-pyrimidine
activation step
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Medicinal Applications and SAR Analysis
Anticancer Activity .

Indolebased compounds, including BODIPY
conjugat es, T&5huMwagaihsCMCH cells. O .
Docking (AutoDock Viina)ndi
bonding interactions with cyclidependent kinases [15].

Antibacterial and Antiviral Agents .

Triazolo-quinolone hybrids display MIC = 0.28.5
pg/mL against E. coli, forming hydrogen bonds with DNA
gyrase residues. Imidazole/triazine nucleoside analogue
inhibit viral polymerases [16,17].

3.3 SAR Insights:

1. Electrordonating groups on indoles enhance
anticancer activity.

2. Fused heterocycles improve stability and
selectivity.

3. Planar molecules favor DNAinding; spiro

systems enhance receptor specificity [18].

. High Activity
D Moderate Activity

B Low Activity

Figure 2: SAR Heatmap of Indole Derivatives

Scheme 1. MCR synthesis of dihydropyrimidinone
Al d e h y-Ketester +fiJrea

Figure 1: Heterocyclic Chemistry Milestones
1970s
Biginelli Microwave

1950s
Fischer Indole
Synthesis Reaction Synthesis

Table 1: Comparison of Heterocyclic Synthetic Methods

1990s 2020s
Green & Al-

Assisted Methods

2010s
C

|

Activation

Method | Yield (%) | Steps E-Factor Example Compound

e Aol
N
o
Y X0
N AN
%

Biginelli MCR | 85-92 | One-pot Low Dihydropyrimidinon

Microwave-Assisted  80-90 1-2 Moderate

N~

Flow Photoredox ~ 75-88 | Continuous | VeryLow |HO'

C-HAdtivation ~ 70-85 | Single Step Low Triazolo-pyrimidine

Figure 2: SAR p of Indole Derivati Scheme 1: MCR Synthesis of Dihydropyrimidinone

. . W High Activity o
Ry
B ;h Moderte Aty p1_CHO  R’COOCH,COOEt  NH,CONH, N oH
W Low Activity + /s I
asr NN R
. R2 Green Catalyst, ECOH, 80 °C RO

Future Outlook:

Challenges include scalability, catalyst recovery, and
toxicity assessment. Al/Midriven pharmacophore
modeling, virtual screening, and predictive toxicity will
accelerate lead discovery. Integration with flow chemistry
and biocatalysis can enl@an enantioselectivity and
sustainability [19].

Conclusion:

Heterocyclic compounds are central to modern drug
discovery.  Sustainable synthetic methods and
computational SAR studies improve efficiency, reduce
environmental impact, and enhance medicinal potential.
Fused heterocycles show promising anticancer,
antimiaobial, and antiviral properties. Future integration
of Al and green chemistry is expected to further optimize
drug design and therapeutic outcomes.

b
b (Green catalyst, EtOH, 80 AC)
Z
Substituted Dihydropyrimidinone
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Abstract:

Organic solvents are indispensable in chemical research and industry; however, many conventional solvents pose
serious environmental and health risks due to their toxicity, volatility, anderewable origin. Green chemistry promotes
the replacement ofdzardous solvents with environmentally benign alternatives that reduce waste, toxicity, and energy
consumption. This article reviews major classes of green solvents, including water, supercritical fluids, ionic liquids, deep
eutectic solvents, and bluasel solvents. Their properties, advantages, limitations, and applications in chemical synthesis
and industrial processes are discussed. The adoption of green solvents is critical for achieving sustainable and safer
chemical practices.

Keywords: Green chemistry, green solvents, sustainable solvents, ionic liquids, deep eutectic.solvents

Introduction : applications in extraction processes, polymer synthesis,

Solvents account for a significant portion of material@"d Pharmaceutical manufacturing.
use and waste generation in chemical processemnic Liquids.
partpglarly in phqrmaceuhcal and fine chemical industries.  |5nic liquids are lowmelting salts with negligible
Traditional organic solvents such as benzene, chlorofomq,aIOOur pressure and high thermal stability. Their

dichloromethane, and -Rhethyk2-pyrrolidone  are oy gjcochemical properties can be tailored for specific
associated with toxicity, flammability, and environmental 5 jications, making them attractive alternatives to volatile
persistence. Increasing regulatory — pressure  angyganic solvents. However, concermegarding their

environmental awareness have driven the search for safgfyjegradability, toxicity, and high production costs must
alternatives. Green solvents, aligned with the principles of s 5qdressed to ensure sustainability.

green chemistry,im to minimize environmental impact

while maintaining efficiency and performance. Deep Eutectic Solvents
Criteria for Green Solvents. Deep eutectic solvents (DESs) are formed by mixing
_ h drogen bond donors and acceptors, resulting in liquids
A solvent may be consi deype dnefi" foftd Clowkrd th&nd th@iM individaf " 2 |
criteria: components. Natural deep eutectic solvents (NADESS),
a) Low toxicity to humans and ecosystems composed of naturally occurring compounds, ffe
b) Low volatility and reduced VOC emissions improved biodegradability and lower toxicity. DESs have
c) Biodegradability and minimal environmental been successfully applied in extraction, catalysis, and
persistence electrochemistry.

d) Derivation from renewable feed stocks

e) Energyefficient production and recyclability ) )
. L o Bio-based solvents derived from renewable resources
No single solvent satisfies all criteria; therefore,i nclude et hanol et hy-Valeloact at

solvent selection often involves balancing performance anfl -ione  and limonene. These solvents often exhibit

sustainability. favourable environmental profiles and can replace
Types of Green Solvents petroleumderived solvents in various dppations.
Water. Dimethyl carbonate, for example, is considered a green

) ) _ alternative to toxic methylating agents and polar aprotic
Water is the most environmentally benign solvent dug;g|yents.

to its nontoxicity, abundance, and low cost. It is widely
used in biocatalysts, organic reactions, and analyticffdvantages of Green Solvents

chemistry. Advances such as micellar catalysis and The use of green solvents offers multiple benefits:
subcritical water techniques have arded its applicability
to reactions traditionally requiring organic solvents.

Bio-Based Solvents

a) Reduced health and safety risks
b) Lower environmental pollution and waste
Supercritical Fluids. generation

Supercritical carbon di ox Fdgecraged geppndence on fosgil regoprge,j e n t
green solvent with tunable density and excellent mass d) Improved  compliance with  environmental
transfer properties. It is netoxic, nonflammable, and regulations

easily separable from pr o&uEBoegtal economig beneffs, through, yasig

reduction and solvent recycling
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Challenges and Limitations Future Perspectives

Despite their advantages, green solvents face severmalture research should focus on solvent design using
challenges, including limited availability, higher costs, andcomputational tools, largecale production of bibased
performance limitations in certain reactions. Additionally, solvents, and thorough IHeycle assessments. Hybrid

s ome sol vents |l abell ed asslventisgstemseandopolicynsugport will furthdr accélexate e
environmental impacts when assed through lifeycle  the transition toward greener chieal processes.

analysis. Comprehensive evaluation is therefore essentiglycjusion

before largescale implementation. . i i .
Green solvents play a pivotal role in advancing sustainable

Applications. and environmentally responsible chemistry. Although
Green solvents are increasingly applied in: challenges remain, continued innovation and regulatory
a) Pharmaceutical synthesis and formulation support are expegted to enhange their adoption..RepI'acing
b) Natural product extraction hazard'ous orgar.nc'solvents w@rgener aItematwes is
c) Polymer and materials synthesis essential for achieving safer chemical practices and-long

d) Analytical chemistry and sample preparation ~ [€rm sustainability.

Their successful integration demonstrates the feasibility of
sustainable solvent replacement strategies.
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Abstract:

Carbohydrates are the primary energy source for the human dfa@hpacterized as primary metabolic fuels. but
their bioefficacy extends far beyond simple caloric provision. This article explores the metabolic pathways of various
saccharides, their role in gut microbiome health, and their efficacy in managing methdmigters. By examining the
glycemic index (GI) and the functional properties of resistant starches, we evaluate how carbohydrate quality influences
on term health outcomes.contemporary glycoscience has revealed their roles as indispensable mediatiglanf
signaling, immune regulation, and structural integrity. The challenge in harnessing these biomolecules lies in their inherent
structural complexity characterized by branched architectures and diverse stereo chemical linkages which complicates
exftraction and purification from natural sources.

Keywords: Functional carbohydrates, Enzymatic synthesis, GlycoconjuBatefficacy, Glycosyl transferases,
Glycemic index
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Introduction:
Carbohydrates are traditionally; however, Glycemic Index
contemporary glycoscience has revealed their roles a
indispensable mediators of cellular signaling, immune @

regulation, and structural integrityi[3]. The challenge in
harnessing these biomolecules lies in theiherent
structural complexity [46] , characterized by branched

ot

architectures and diverse stereochemical linkagieB0[7. o ediom &1 g
Carbohydrates which complicates extraction and

purification from natural sources [11]Functional
carbohydrates which include rareugsrs, specific
oligosaccharides, and glycoconjugates are a specializéeghemical Synthesis of Carbohydrates

class of carbohydrates that go beyond simple energy The chemical synthesis of carbohydrates, or glycan
provision [1214]. They are engineered or extracted forsynthesis, is one of the most complex areas of organic
their unique bioefficacy, particularly in prebiotic actions, chemistry due to the need for precise stereochemical
glycemic contrg and therapeutic applications like control. Unlike DNA or proteins, carbohydrates can form

vaccines and antiancer agents [¥B6].The synthesis of pranched structures with multiple linkatypes.

these molecules is notoriously difficult due to their
complex "polyhydroxyl" nature, where many identical

looking chemical groups compete for reactifig]. To synthesize a specific carbohydrate, chemists must
use protecting groups (such as benzyl or acetyl groups) to

mask specific hydroxyl-QH)groups. This allows for the

Protecting Group Chemistry.
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selective formation of a glycosidic bond at a singleensuring the product behaves predictably in the human
position. The bioefficacy of synthetic carbohydratesdigestive tract.
depends entirely on this structural purity, as even a min‘Bioefficacyand Applications.

change in linkage (e.g., alpha vs.beta can render , ,
carbohydrate indigestible or biologlsginactive. Functional carbohydrates are synthesized to target

specific biological processes:
Automated Glycan Assembly (AGA) P gicatp

Modern laboratories now use automated synthesize ,..; Cgllula_r Recogni.tionThey.pla}y. _critical rolgs in ce_II

) ; ’ , migration, inflammation, and inhibiting bacterial or viral
to build complex oligosaccharides. By using sgilthse . ¢actions.
synthesis, researchers can create custom glycans to st , ) )
how specific sugar sequences interact with cell receptor ~ 1herapeuticsHybrid  glycomolecules are being
This has high bioefficacy in thedevelopment of developed foanticanceranti-diabetic, ~ andnti
carbohydratébased vaccines and targeted drug deliveriNnflammatoryactivities, often outperforming  existing
systems. drugs.

Enzymatic and Chemeenzymatic Synthesis Industrial CatalysisPolysaccharide polymers are used

e . ) . as support materials in catalytic processes due to their
Due to the difficulty of traditional chemical synthesis, biodegradability and netoxic nature.

enzymatic methods have become the preferred route for , L ) . .
producing higkbioefficacy functional carbohydrates like Therapeutic Applications in Clinical Medicine.
Human Milk Oligosaccharides (HMOs). The bioefficacy of engineered carbohydrates is

Glycosyl transferases and Glycosidases revolutionizing drug delivery and vaccine development.
Because carbohydrates are central to cellular recognition,

These enzymes are used to catalyze the formation gfie serve as the "zip codes" for targeting specific tissues.
glycosidic bonds with perfect regioselectivity. Chemo

enzymatic synthesis combines the flexibility of chemicalGlycomimetics in Anti-Adhesion Therapy.
methods with the precision of enzymes, allowing for the  Synthetic carbohydrates are designed to act as decoys
large-scale production of prebioticslike Galacte  for pathogens. Many viruses and bacteria bind to host cells
oligosaccharides (GOS). via surface lectins that recognize specific sugar sequences.
Methodology: Measuring In-Vitro Bioefficacy . By synthesizing t'g_ly_comimeticé" molecql_es that_ mi_m_ic

) . _these sugadsclinicians can competitively inhibit
. To validate the ﬁynthess of a new carbohydrate, it%aihogen binding. The bioefficacy of these treatments is
digestibility ~ profile” must be established using paticularly evident in treating urinary tract infections and
standardized laboratory models. respiratory viruses, where the "decoy" sugars prevent the
The Englyst Method for Starch Fractionation: pathogen from ever entering the host cell.

This protocol simulates human digestion to categorizeCarbohydrate-Based Vaccines

carbohydrates into three fractions: The synthesis of capsular polysaccharides found on the

1. Rapidly Digestible Starch (RDS): Hydrolyzed surface of bacteria lik8treptococcus pneumoniaas led
within 20 minutes. to highly effective conjugate vaccines. By chemically

2. Slowly Digestible Starch (SDS): Hydrolyzed linking these carbohydrate antigens to a carrier protein, the
between 20 and 120 minutes. bioefficacy of the immune response is significantly

) ] enhanced, triggering lorAgrm T-cell dependent memory
3. Resistant Starch (RS):Remains unhydrolyzed after \ynich is crucial for peiditric protection.

120 minutes. L . .
Applications in Advanced Food Science

In the food industry, carbohydrate bioefficacy is
focused on "Nutrificationd the process of enhancing the

Following enzymatic digestion, the resulting ntritional profile of processed foods without
monosaccharides are quantified using HPLC W'thcompromising sensory qualities.

Refractive Index (RI) detection. The ratio of RDS to RS )

provides a mathematical "Bioefficacy Index" that predictsEncapsulation and Targeted Release

the food's impact on blood glucose and gut feriauéo. Synthetic oligosaccharides are utilized as wall

materials for the microencapsulation of sensitive bioactive

N . , . compounds like Omega fatty acids and probiotics. The
The transition from laiscale synthesis to industrial pigefficacy of these encapsulated ingredients depends on

prodgctlon requires rigorous quallty control (QC) to ensurgpe carbohydrate's ability to resigastric acidity and

the bioefficacy remains consistent across batches. release the "payload” only when it reaches the neutral pH

Nuclear Magnetic Resonance (NMR) Spectroscopy of the small intestine.

NMR is the "gold standard" for verifying the structure Fat Replacement and Texture Modification

of synthesized carbohydrates. It confirms that the \ggified starches (RS4) are used as fat mimetics in
$lalpha(lto4)$ and $alpha(ito6)$ ratios are correct, |oy.-calorie foods. Because these carbohydrates have high

High-Performance Liquid Chromatography (HPLC)
Analysis.

Industrial Scale-Up and Quality Control.
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waterbinding capacity but low caloric bioefficacy (due to Natural Carbohydrates: High Volume, Low Precision
enzyme resistance), they provide the "mouthfeel” of fats  Nagyral carbohydrates, such as corn starch, sugarcane
while significantly reducing the energy density of thesucrose, and cellulose from wood pulp, benefit from
product. immense economies of scale.
Bioefficacy in Agricultural Biotechnology:

The application of carbohydrates extends to

sustainable  farming, where they function
"biostimulants."

Cost Advantage:

The extraction costs for natural starches are
8Ssignificantly lower (averaging $0.480.60 per kg)

compared to synthetic alternatives.

Chitosan and Plant Defense Priming Chitosan, imitation:

carbohydrate synthesized from the deacetylation of chitin, e e . . o
shows high bioefficacy in inducing systemic acquired 1 nhe "bioefficacy” of natural sources is often limited by
resistance (SAR) in crops. When applied to plant leaves, f€asonal variability and the presence of impurities (lignins,
mimics a fungal attack, "priming" thelant's immune prote]ns) that can mtgrfere W.IFh industrial chemical
system to produce phytoalexins and pathogereised ~ réactions or pharmaceutical stability.
proteins. This reduces the need for chemical pesticides ar8ynthetic Carbohydrates: Precision and High Value

improves crop resilience. Synthetic carbohydratdsproduced via chemical
Slow-Release Fertilizers Stardfased hydrogels are synthesis or enzymatic biocatal\&itarget highvalue

being engineered to encapsulate nitrogen and phosphorigctors like infant formula (HMOs) and pharmaceuticals.

The bio efficacy of these "smart fertilizers" is measured bys . it (Bioefficacy):

their ability to degrade slowly over a @y period, ( y):

matching the nutrient uptake ees of the plants and Synthetic carbohydrates offer 100% structural purity.
preventing toxic runoff into local waterways. For instance, synthetic Galaettigosaccharides (GOS)

can be engineered to have specific betia @) or bet (1to6)

linkages that maximize prebiotic activity, a level of control
The bioefficacy of carbohydrates in athletics is definedmpossible with raw natural extracts.

by the "Glycemic Fluxd the speed at which sugar is ~,<t Barrier:

moved from the gut to the working muscle.

Hydrogel Technology in Endurance Sports Recen?

Applications in Sports Performance and Recovery

The synthesis of complex glycans remains expensive
ue to the cost of "donor" molecules and the fégkrgy
equirements of automated glycan assembly. Currently,
Pharmaceuticagjrade synthetic carbohydrates can cost

innovations involve encapsulating high concentrations o
glucose and fructose within a pectin and sodium alginat
hydrogel. In the lowpH environment of the stomach, the upwards of $50062,000 per gram, limitig their use to
qar.b.ohydrate forms a gel th:?\t bypgsﬂes usual rate niche medical applications.

limiting steps of gastric emptying. This allows athletes to ) o ) i
consume up to 100g of carbohydrates per hour without Industrial Applications: A Comparative Matrix
gastrointestinal distress, representing a significant leap imable 3: CostBenefit Matrix for Industrial Carbohydrate

ergogenic bioefficacy. Sourcing
Satiety Regulation in Weigt€lass Athletes b Natural Synthetic/Modified
. . . . . arameter .

For athletes needing to maintain specific weight Polysaccharides Glycans
C?tegones’ the .bloetf.];.lcagy tOf _hlghSCOSIty Iﬂberst. (t“ke B Raw Material| Low (Agricultural High (Chemical
gucom_anne_m) is utilized to induce early satiety. Y| cost waste/crops) precursors)
expanding in the stomach and delaying the secretion df
ghrelin (the hunger hormone), these cdmjrates allow Purity & Variable Absolute (Controlled la
for caloric restriction while maintaining high energy levels Consistency (Influenced by conditions)
for training soiI/cIimate)

Discussion: . High (Global Emerging (Bioreactor
] _ ) Scalability infrastruct d dent
Cost-Benefit Analysis of Synthetic vs. Natural infrastructure) ependent)
Carbohydrates. Regulatory|| Low (Generally || High (Novel Food/Drug
Economic Foundations of Carbohydrate Sourcing Hurdles |[Recognized as Saf approval)

The industrial application of carbohydrates is | Specific Bio General Targeted

bifurcated into two primary streams: the extraction of| efficacy (Energy/Bulk) (Immune/Neurological

natural polysaccharides from botanical sources and the

precision synthesis of functional glycans in laboratory The "Green" Paradox: Environmental Costs

settings. The "bioefficacto-cost" ratio § the primary A critical part of the cosbenefit analysis is the
metric used by industrial stakeholders to determine thenvironmental impact.
viability of a carbohydrate source. 1. Natural Sources: While "natural,” the intensive

farming of corn and sugar requires massive pesticide
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use, water consumption, and land clearing, leadin fundamentally dictated by the food matrix and the

to hidden ecological costs. individual 6s uni qgue met abol

underscores that "smart" carbohydrates, such as Resistant

utilizes organic solvents that are tokielowever, Sterch (RS) and Slowly Digestible Starch (SDS), offer the
Enzymatic Synthesis (a subset of synthetic h|ghest_ the.rapeu_'uc p_otentlal for fgiting global _
carbohydrates) is increasingly viewed as the --Gokmetabollq crises, mcludlng Type 2 Diabetes anq obesity.
Standard” for the future. It operates in aqueou:BY Slowing the glycemic flux and promoting the

environments at room temperature, offering higrproduction of ShorChain Fatty Acids (SCFAs) like
bioefficacy with a lower carbon footprint than butyrate, these functional carbohydrates act as vital anti

traditional agriculture. inflammatory agents withinthe colonic environment.
) ; . . Economic and Global Health Implications The eoshefit
Strategic Conclusion on Industrial Utility analysis presented herein suggests that while synthetic
The decision to use synthetic versus naturacarbohydrates currently carry a price premium, their
carbohydrates hinges on the required "Bioefficacysuperior bioefficacy justifies their application in clinical
Threshold." andpediatric nutrition. As synthesis technologies mature,
the "Bio-Economy" will likely see a convergence where
and starch remain dominant due to esessitivity. In synthetic prgcision meets ag(icultural scale, Ieading o a
Nutraceuticals and Personalized Medicine, the superic7®W 9eneration of “functionalized” staple foods designed

bioefficacy of synthetic oligosaccharides justifies the 100;10 improve public health at zopulation level. The future
price premium, as the biolamgl outcome (e.g., preventing of carbohydrate research lies at the intersection of synthetic

; ; ; ; biology and personalized nutrition. The -gaing
neonatal infection) outweighs the raw material cost. o
) g development of glycomimetics and carbohydiaésed

Conclusion: vaccines promises to redefine our approach to infectious
The investigation into the synthesis and bioefficacydiseaseand chronic metabolic management. Ultimately,

of functional carbohydrates reveals a transformative shithe synthesis of highioefficacy carbohydrates is not

in nutritional science and chemical engineering. We havmerely a chemical achievement but a critical necessity for

moved beyond viewing carbohydrates as simple caloria sustainable and healthy global future.

substrates to recognizing thers sophisticated signalling ayuthor contributions:

molecules capable of modulating the human micro biome Al h listed h d b ial di d
immune system, and neurological health. Synthesi. autnors listed have made a substantial, direct, an

Paradigms and Precision engineering .The evolution (|nteIIectuaI contribution to the work and approved it for

carbohydrate synthesis from crude botanical extraction {Publication.
automated glcan assembly represents a milestone itAcknowledgments:
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Copper Oxide (CuO) Nanopatrticles: Synthesis Techniques, Characterization, and
Catalytic Potential
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Abstract:

Copper oxide (CuPnanoparticles were prepared via a polyethylene glycol (PEG) assistgdlsolte to achieve
controlled nucleation, uniform particle growth, and enhanced structural homogeneity. The adopted synthesis strategy
produced phaspure monoclinic CuO nanoparkes with welldefined morphology and a narrow size distributiorra)
diffraction analysis confirmed the absence of secondary phases and revealed improved crystallinity with increasing
calcination temperature. Transmission electron microscopy demodsgresispherical nanoparticles with average sizes
ranging from approximately 12 to 28 nm. Fowtemsform infrared spectroscopy identified characteristi¢ GCu
vibrational modes, while UMWisible spectroscopy showed strong absorption across the visipienrwith bandgap
energies between 1.45 and 1.72 eV. The photocatalytic performance of the synthesized CuO nanopatrticles was evaluatec
using methylene blue degradation under visllgbt irradiation, where the sample calcined at 500 °C exhibited superior
catalytic efficiency. The results establish a clear correlation between synthesis conditions, structural properties, and
catalytic performance, highlighting CuO nanoparticles as efficient anatdstvcatalysts for environmental remediation
applications.

Keywords: Copper oxide nanoparticles; gkl synthesis; XRD; TEM

Introduction : degradation, antibacterial coatings, gas sensing, lithium

Nanostructured metal oxides represent a fundamenti" batteries, and supercapacitors.[3]
class of materials in modern materials science owing to In parallel, metal oxide semiconductors have gained
their sizedependent physicochemical properties and broathcreasing attention in electronic and optoelectronic
technological significance. Among them, copper oxideresearch due to their relatively low cost, chemical stability,
(CuO) nanoparticles have emerged asrtipularly and potential use in transparent and flexible electronics.
important due to their narrow bandgap,-type Applications of metal oxidesxtend to photovoltaics, thin
semiconducting nature, chemical stability, low toxicity, film transistors, and photoelectrochemical devices.[4]
and natural abundance. At the nanoscale, CuO exhibits\While several ftype metal oxides, such as aluminum
high surfaceto-volume ratio, unique optical and electronic doped zinc oxide, exhibit excellent electronic properties
behavior, and significalyt enhanced catalytic activity and are well established, the development of efficient p
compared to its bulk counterpart. These attributes makiype metal oxide semiconductors remains challenging. The
CuO nanoparticles attractive as ceffective alternatives limited hole mobility and low carrier concentrations of
to noblemetal catalysts for applications in heterogeneousnost ptype oxides have hindered the fabrication of fully
catalysis, chemical sensing, energy conversiond anoxide-based electronic devices. [5]
environmental_ remediation.[l] The gro_wing interest in Copperbased oxides, including CuO and Oy are
CuO nanoparticle research is _further drlver_1 by the 9|°baémong the most promising -tppe metal oxide
demand for advanced, sustainable materials capable Qfmiconductors owing to their suitable band structure and
addressing critical challenges such as wastewalglompatibility with lowtemperature fabrication processes.
treatment, pollutant degradation, anehewable energy [g] advances in synthesis and deposition techniques have
development.[2] demonstrated that careful coritrof crystallinity, grain

Copper oxide (CuO) crystallizes in a monoclinic size, and orientation can significantly enhance charge
structure and exhibits strong absorption in the visiblgransport properties. Improved electrical characteristics in
region, which makes it an attractive material forcopper oxide systems not only broaden their applicability
photocatalytic and photoelectrochemical applicationsin electronicand optoelectronic devices but also directly
When reduced to the nanoscale, CuO displaysrerdth influence their catalytic and photocatalytic efficiencies.
surface reactivity, improved charge transport, and a higheConsequently, optimizing the structural and electronic
density of active sites, collectively leading to significantly properties of CuO nanostructures is critical for expanding
improved catalytic performance. These advantageoutheir role in catalysis, energy consigm, and next
properties have stimulated extensive research on-Cu@eneration oxidéased technologies. [7]
based nanomaterials fomapplications such as dye
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Nanomaterials with tunable particle size andThe incorporation of polymeric stabilizers such as
morphology  exhibit remarkable physicochemical polyethylene glycol (PEG) further enhances particle
properties that are highly sensitive to synthesis conditionsiniformity by suppressing agglomeration and regulating
In the case of copper oxide (CuO) nanoparticles, controlleducleation kinetics. Reliable characterization of CuO
synthesis via simple and cesffective appoaches such as nanoparticles using techniques such as XRD, TEM, FTIR,
co-precipitation enables precise regulation of particle sizeand UMW visible spectroscopy is essential; however,
shape, and structural features. [8] Modifying the reactiorvariations in experimental conditions, sample preparation,
medium composition, particularly the ethanwehter ratio, and data interpretation often lead thscrepancies in
plays a decisive role in governing nucleation and growthreported results, emphasizing the need for standardization
processes. Studies have demonstrated that increasing thad careful methodological evaluation. . [13]

ethanol content in the reaction medium results in a |, this work, PEGassisted sébel synthesized CuO
S|gn|f|c§1nt 'reduc'non in part!cle size, Wlth_ averagenanopartides were calcined at different temperatures, and
crystallite dimensions decreasing from approximately 13ne resulting effects on structural, morphological, optical,
nm in aqueous media to nearly 7 nm in pyrethanolic  5nq catalytic properties were systematically investigated.
systems. Morphological analysis using TEM andHEM 1o nangparticles exhibide strong  visibldight-driven
reveals a clear transition from riile CuO nanostructures ,,nqcatalytic activity toward methylene blue degradation,
formed In water to unlformly dlspersed Spher'Caldemonstrating their  suitability for environmental
nanoparticles obtained in ethasr@h environments. [9] remediation. Overall, further research focused on

Structural refinement further indicates that solventoptimizing synthesis protocols, assessing toxicity and
variation induces subtle lattice expansion in the monoclinienvironmenth impact, and developing standardized
CuO unit cell, accompanied by increased microstrain andharacterization frameworks is crucial to enhance
dislocation density, reflecting enhanced lattice distortion aperformance, ensure safety, and enable the sustainable
smaller particle size]d.0] These structural modifications deployment of CuO nanoparticles across diverse
directly influence the optical properties of CuO technological fields.
nanoparticles, as evidenced by an increase in optiCRhaterials and Methods
bandgap energy from ~2.2 eV to ~2.65 eV with decreasin )
particle size, attributed to quantum confinement and d:efec%hem'CaIS
induced electronic effects. Importantly, the catalytic =~ Copper(ll) nitrate trihydrate (Cu(N{p-3H O), citric
performance of CuO nanoparticles is strongly governed bgcid, polyethylene glycol (PEG000), sodium hydroxide,
particle size, crystallinity, surface area, and defect densityethanol, and deionized water were used as received without
Smaller nanoparticles offer a higher surfdacerolume  further purification.
ratio and abundant activesites, while optimized Synthesis Procedure (SolGel Method).

crystallinity improves charge transport and suppresses ) )

electrorihole  recombination.  Consequently, CcuO  0.01 mol of Cu(NQ -3H O was dissolved in 100 mL
nanoparticles synthesized under controlled solven®f deionized water under continuous stirring. CIt!’IC acid .
conditions exhibit excellent photocatalytic activity, ( Mol ar ratio Cu] :citric acid
achieving rapid and compiedegradation of organic dyes chelate copper ions and stabilize the solution.

such as Congo red under visilight irradiation. These Subsequently, PEG000 (2 g) was introduced as a
findings underscore that precise control over synthesiBolymeric stallizer. The mixture was heated at 70 °C until
parameters is essential for tailoring CuO nanoparticles with homogeneous sol was formed.The pH of the solution was
enhanced catalytic and optical performance, makieg adjusted to 9 using 0.1 M NaOH, leading to gel formation.

promising candidates for environmental remediation and he resulting gel was dried at 120 °C to obtain a xerogel,
sustainable Catalytic app”cations_ [11] which was calcined at 400 C, 500 ﬂ]d 600 °C for 3

. . hours to produce CuO nanoparticles with varying
Copper oxide (CuO) nanoparticles have attraCte%rystaIIinity and particle size .[14]

significant attention due to their unique physicochemical S )

properties and strong potential for advanced and-haracterization Techniques

sustainable applications in electronics, energy storage, X-r ay di ffraction (XRD) was
catalysis, environmental remediation, bioneate, and radiation to determine phase composition and crystallite
sensing. Various synthesis strategiescluding physical, size. Morphology and particle size distribution were
chemical, and green approachdsave been explored, with analyzed using transmission electron microscopy (TEM).
sustainable routes such as biosynthesis, fgamact FTIR spectroscopy was employed to confir@Li O
mediated methods, and green chemistry gainingonding and assess organic residue removal. vigible
prominence because of theidteed environmental impact spectroscopy was used to study optical absorption behavior
and improved safety. [12] Conventional techniques such asnd estimate bandgap energies using Tauc plots.
co-precipitation, hydrothermal, combustion, microwave Photocatalytic activity was evaluated through methylene
assisted, and sajel methods remain widely used, amongblue degradation under visiblight irradiation.

which the sdlgel process offers notable advantages

including molecularlevel mixing, low processing

temperature, compositional homogeneity, and scalability.
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3. Results and Discussian
3.1 X-ray Diffraction (XRD)

1200

CuO

(L11)

1000 4

Intensity {counts)
g B
(022)

=

=

=
L

200 +

20 30 40 50 60 70 80
Position (degree)

Figure 2. TEM image of Copper Oxide nanopatrticles

3.3 FTIR Analysis.
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Figure 3. FTIR spectrum of Copper Oxide
nanoparticles
FTIR spectra (Figure 3) displayed a strong absorption
bandintherangeof5256 0 c¢cm T, chad acter

stretching vibrations, confirming the formation of copper
oxide. Organierelated bands associated with citric acid and
PEG were prominent in lowemperature samples but
progressively diminished with increasing calcination
temperature. Their disappearance at higher temperatures
indicates effective removal of residual organic species,
resulting in structurally pure CuO nanoparticles.[17]

3.4 UVi Visible Absorption:

Figure 1. XRD pattern of Copper Oxide nanopatrticles

The XRD patterns (Figure 1) of the synthesized
samples confirmed the formation of phamee monoclinic
CuQ. The diffraction peaks corresponding to the (110),
(T111), (111), and (1202)
With increasing calcination temperature, peak sharpening
and intensity enhancement were evident, indicating
improved crystallinity and grain growthThe average
crystallite sizes were estimated to be approximately 12 nm
for the 400 °C sample, 19 nm for the 500 °C sample, and
28 nm for the 600 °C sample, demonstrating a clear
dependence of particle size on thermal treatment.[15]
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3.2 Morphology and Particle Size (TEM)

Wavelength (nm)

TEM micrographs (Figure 2) revealed that the CuO Figure 4. VU-Vis absorption spectra of Copper Oxide

nanoparticles were well dispersed and predominantly

nanoparticles

quastspherical in shape, vyi_th minimal agglomer_ation. Th_e The UVi visible absorption spectra (Figure 4) showed
use of PEG as a stabilizer played a crucial role iny, g apsorption throughout the visible region {350

maintaining uniform particle distribution. @sistent with

nm), characteristic of CuO nanoparticles. Bandgap

XRD results, particle size increased with calcinationgergies estimated from Tauc plots were found to be 1.72

temperature. The sample calcined at 500 °C exhibited gq\,

, 1.58 eV, and 1.45 eV for samplesociraéd at 400 °C,

optimal balance between particle size and crystallinitysg oc and 600 °C respectively. The observed bandgap

which is favorable for catalytic applications.[16]

narrowing with increasing particle size can be attributed to
reduced quantum confinement effects and enhanced
crystallinity.[18]

3.5 Catalytic Activity: Methylene Blue (MB) Dye
Degradation:

The photocatalytic performance of CuO nanoparticles
was evaluated by monitoring the degradation of methylene
blue under visibldight irradiation. The sample calcined at
500 °C exhibited the highest degradation efficiency,
achieving approximately 88% remalwithin 60 minutes.

In comparison, the 400 °C and 600 °C samples showed
lower efficiencies of about 67% and 74%, respectively. The
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superior performance of the 500 °C sample is attributed tbght absorption with tunable band gap energies governed
its optimal particle size, improved charge separation, anby particle size and synthesis condito The PE@ssisted

higher density of catalytically active surface sites. [19]
Conclusion

soli gel route enabled effective morphological control,
yielding uniform nanoparticles with enhanced structural

. ) purity and superior
Copper oxide (CuDnanoparticles were successfully nanoparticles  exhibited

synthesized via cprecipitation and PE@ssisted sobel

catalytic activity. The CuO
excellent dye degradation

efficiency, highlighting heir promise for sustainable

methods, demonstrating the versatility of these approacheg,yironmental remediation. Future work will focus on

for

obtaining

phaspure and crystalline

CuO gyrface functionalization and composite development to

nanostructures. XRD confirmed monoclinic CuO with fyther enhance catalytic stability and performance.
crystallite sizes ranging from 8 to 43 nm, FTIR spectra
showed characteristic €@ vibrational bands, confirming

oxide formation. Optical studies revealed strong visible
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Abstract:

Traditional organic synthesis often relies on hazardous solvents, toxic reagents, andnéeesgye reaction
conditions, leading to environmental pollution and safety concerns. In recent years, green chemistry has emerged as a
sustainable alternative med at minimizing waste, reducing energy consumption, and using environmentally benign
materials. This research paper reviews the development of environmentally friendly synthetic methods with a focus on
green solvents, recyclable catalysts, and eneffigient reactions. The principles, recent advancements, advantages,
challenges, and future prospects of these sustainable approaches are discussed. The adoption of green synthetic strategi
is essential for achieving sustainable chemical manufacturingreheting the ecological footprint of the chemical
industry.

Keywords: Green chemistry, green solvents, recyclable catalysts, eréfiggnt synthesis, sustainable organic synthesis

Introduction : Green Solvents in Organic Synthesis

Organic synthesis plays a crucial role in the productioimportance of Green Solvents

of pharmaceuticals, agrochemicals, polymers, and fine gqents play a major role in reaction kinetics,
chemicals. However, conventional synthetic methOdSOﬂeEelectivity and safety. Traditional solvents such as

generate large amoxnts OJ_ hazardous wastel anddgonsug}gnzene, chloroform, and dichloromethane pose serious
excessive energy. According to @mmnmental studies, onyironmental and health risks. Green solvents are

solvents alone account for nearlyi 80% of the mass used designed to be nefoxic, biodegradable, renewlab and
in chemical processes, many of which are volatile, tOXiCrecyclable. ' ’

and nonbiodegradable.

green solvents significantlyeduce environmental
To address these concerns, the concepgrekn

_ _ __pollution. Solvents such as water, ethanol, ethyl lactate,
chemistry, introduced by Anastas and Warner, emphasize lycerol, and supercritical carbon dioxide are

the design of chemical processes that reduce or elimina odegradable, notoxic, and derived from renewable

the use and generation of hazardous substanceggoyrces, which minimizes air, water, and soil
Environmentally friendly synthetic methods aim to .,namination.

improve reaction efficiency while ensuring safety, _ _ )
swstainability, and economic viability. This paper focuses ~ 9réen solvents  supportsustainable  industrial
on three key pillars of green synthesigeen solvents development and regulatory compliance Increasing

recyclable catalysts andenergy-efficient reactions enviro_nmental regulations worldwide_ encourage the
adoption of safer solvent systems, making green solvents

essential for modern pharmaceutical, agrochemical, and
Green chemistry is guided by twelve fundamentalfine chemical industries.
principles, several of which directly influence syntheticTyloes of Green Solvents

Principles of Green Chemistry in Organic Synthesis

methodology:
1. Prevention of waste rather than treatment Water as a Green Solvent
2. Use of safer solvents and reaction conditions Water is the most environmentally benign solvent due
3. Design of energeefficient reactions to its nontoxicity, low cost, and abundance. Recent studies
4. Use of renewable feedstocks have shown that many organic reactions, including aldol
5. Catalysis instead of stoichiometric reagents reactions, DielsAlder reactions, and coupling reactions,
6. Design for degradation and environmental safety can be successfully perforehé aqueous media.
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Green Synthesis of Chalcone by Aldol (Claisén  Supercritical Fluids:
Schmidt) Condensation Supercritical carbon dioxide (scCO i s wi del vy
a green solvent due to its low toxicity, recyclability, and
mild critical conditions. It has found applications in
extraction processes and catalytic reactions.
0

o \0 0 %0 SUPERCRITICAL FLUID TECHNOLOGY
base

00 = 0M00M000 |

fa (0 b 5‘

%N Water,

- Supercritical
Observation: ;
Observation Result KE
. Supercritical Fluid | & Supencritical Water
Colour change Colourless — Yellow e, A WWW Oxidati
Nature of product Crystalline solid Tenperature T, i
Vield High (70-90%) 3.2.4 BioBased Solvents
Solvents derived from renewable biomass, such as
o ethanol, ethyl lactate, and glycerol, are increasingly used in
Product Characterization by NMR sustainable synthesis.
1
H NMR Spectrum of Chalcone N AT
8 (ppm) Proton Assignment
12-79 Aromatic protons (phenyl rings) USED IN?
15-78 a,f-unsaturated olefinic protons Sustainable solvent suppliers are seeing increased demand
for bio-based solvents. Green or bio-based solvents offer a
wide range of practical uses, including:
% ~98 Aldehydic proton absent e— _
' &
13C NMR Spectrum of Chalcone -
Coatings Paints Paint strippers
& (ppm) Carbon Assignment -
= (X §
190195 Carbonyl carbon (C=0) .
Printing inks Cosmetics
120- 145 Aromatic and olefinic carbons
Recyclable Catalysts
135-145 ofrunsaturated carbons Role of Catalysts in Green Synthesis
Catalysts enhance reaction rates and selectivity while
lonic Liquids: minimizing energy consumption and waste formation.

lonic liquids are novolatile salts that remain liquid at R€cyclable catalysts further improve sustainability by
low temperatures. They exhibit excellent solvation@llowing repeated use without significant loss of activity.

properties and can often be recycled without loss offypes of Recyclable Catalysts
efficiency. Their tunable nature makes them attractiv

X ) i %Heterogeneous Catalysts
alternatives to volatile organic solvis.

Heterogeneous catalysts such as metal oxides, zeolites,
and supported metal nanoparticles can be easily separated
from reaction mixtures and reused multiple times.
Biocatalysts (Enzymes)

Advanced

o Enzymes offer high selectivity, mild reaction
: ; NS conditions, and biodegradability. Immobilized enzymes

- improve stability and recyclability, making them suitable
for industrial applications.

Working fluids
»Heat storage
«Lubricants
+Surfactants

. n
crystallization
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Magnetic Nanocatalysts and renewable energy sources with digital tools such as

Magnetic nanoparticles allow easy recovery using grtificial  intelligence  and  process  optimization.

external magnetic field, reducing catalyst loss and-ollaboration between academia and industry will be
operational cost. crucial for developing scalable and economically viable

_ . green technologies.
Energy-Efficient Reactions

Need for E Effici Conclusion
eed for Ener icienc
gy ¥ The development of environmentally friendly

Traditi_onal'reactions often reguire high tlemperaturessymh(:y[iC methods using green solvents, recyclable
long reaction times, and excessive energy input. ERergyaialysts, and energgfficient reactions represents a major
efficient reactions aim to reduce energy consumption whilgqyancement toward sustainable organic chemistry.
maintaining high yields and selectivity. Replacing hazardous organic solvents with benign
Modern Energy-Efficient Techniques dternatives such as water, ethanol, ionic liquids, and bio
Microwave-Assisted Synthesis based splvents significantly reduces environmental and

) ) o o ~ health risks. The use of recyclable and heterogeneous
~ Microwave irradiation significantly reduces reaction catalysts minimizes waste generation, improves reaction
time and energy usage, leading to improved yields angglectivity, and lowers overalprocess costs through
cleaner reactions. repeated reuse. Additionally, energfficient techniques
such as microwavassisted synthesis, photocatalysis, and

Photocatalysis uses visible light as a renewable energS}ectrochemical methods reduce energy consumption while

source to drive chemical reactions under mild conditions. hhancing reaction rates and yields.
Collectively, these green approaches demonstrate that
_ ) _ high efficiency and environmental responsibility can
Electrochem|ca_l method_s _replace _chem|cal oxidantgpexist in modern synthetic chemistry. Although
and reductants with electricity, offering cleaner a”dchallenges remain in laregeale implementation and
controllable reaction pathways. substrate  compatibility, —continuous research and
Applications of Environmentally Friendly Synthetic  technological innovation are steadily overcoming these
Methods. limitations. The integration of green solvents, recyclable
1. Pharmaceutical Industry: Green synthesis reduces catalysts, and energpfficient reactions is essential for
solvent waste and improves drug safety. achieving sustainable chemical manufacturing, reducing
2. Agrochemicals: Sustainable methods reduce the ecological footprint ofthe chemical industry, and
environmental contamination. supporting the principles of green chemistry for future
3. Fine Chemicals: Cleaner processes lower generations.
production costs and regulatory challenges. Author contributions:

4. Polymer Industry: Bio-based and recyclable All authors listed have made a substantial, direct, and

materials support circular economy models. . o .
_pF’ ] y intellectual contribution to the work and approved it for
Challenges and Limitations publication.

Despite significant progress, challenges remain ilacknowledgments:
largescale implementation, including high initial costs,
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Abstract:

Polymer driven supramolecular assemblies have emerged as a powerful platform for constructing dynamic and
functional systems through nano v al ent interactionsi"sgthchenfgpgydebgenr b9
hosi guest recognition. This veew presents a comprehensive overview of the design principles governing polymer
assisted supramolecular architectures and traces their functional evolution in modern chemical and biologicdHcontexts.
Emphasis is placed on the relationship between entde structure, selissembly behavior, and resulting material
properties, highlighting recent advances in stimnediponsive systems, adaptive networks, and bioinspired assemblies. The
integration of polymer chemistry with supramolecular concepts héesharecise control over morphology, reversibility,
and functionality, expanding applications in drug delivery, tissue engineering, sensing, and sustainable [th&grials.
critically analyzing contemporary strategies and emerging trends, this reviemaipnovide a unified perspective on
polymer driven supramolecular assemblies and to outline future directions for the development of intelligent and
multifunctional system&!

Introduction: modulation of intermolecular interactions and assembly

Supramolecular  chemistry, defined by the pathwayd¥ Such systems can undergo reversible
organization of molecular entities through mmovalent association and dissociation in response to external stimuli
interactions, has profoundly reshaped modern chemicdf¢luding pH, temperature, light, @nredox conditions,
science since the foundational work lashn Cram, and  '€@ding to the development of stimuéisponsive and
Pedersen | nteractions sucli' a?antgmpeiallen ponding,
stacking, van der Waals forces, méligland coordination, In chemical systems, polymer assisted supramolecular
and hostguest recognition enable the formation ofassemblies have enabled the design of -tsediing
complex architectures that exhibit reversibility, materials, supramolecular hydrogels, and functional
adaptability, and hierarchical organization. Whennanostructures with tunable mechanical and optical
integrated with polymer chemistry, thesenpiples give  properties. In biological contexts, these ass@mslglay an
rise to polymer driven supramolecular assemblies thahcreasingly important role in drug delivery, gene
combine the structural robustness of macromolecules wittransfection, tissue engineering, and bioimaging, where

the dynamic behavior of supramolecular syst&€ms. dynamic molecular recognition is essential for performance
Polymers bearing functional motifs  such as and biocompatibility. The functional evolution of polymer
ureidopyrimidinone (C5H6N4Q2 cyclodextrin driven supramolecuta assemblies thus represents a

calixarenes cucurbiturils and crown ethersserve as convergence of chemistry, materials science, and biology,
versatile building blocks for controlled selésembly. The ©fféring innovative solutions to complex scientific and
incorporation of aromatic units, hydrogbonding donors ~ téchnological challengés,

and acceptors, or coordination sites allows precise
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Functional monomers bearing complementary

Fundamental Concepts of Polymer  Driven recognition units play a central . rgle in directing
Supramolecular Chemistry: supramolgcylgr assembly. Mqletl_es . such as
) ) , ureidopyrimidinone (6HsN4O,) barbituric acid (2,4,6
Polymer driven supramolecular chemistry is foundeq rioxohexahydr op yadénimithyminee
on the controlled organization of macromolecular systemg . 41 o gues asystems aimtrod tspecific gy

.through. reversible .and hlghly .dlrectlonal Hwalent hydrogen bonding and stacking interactions, allowing
interactions. These interactions impart dynamic Charaae&elective and directional associatiéh. The spatial

structural - adaptability, apd funopal ‘“”ab""?’ o distribution of these motifs along polymer chains governs
supramolecular assemblies while preserving the

S i tooperative binding and hierarchical organizatigh.
mechanical integrity offered by polymer backboHes.

) ) Host Guest Systems and Dynamic Binding Units:
Noncovalent Interactions Governing Supramolecular

Assembly: Host guest chemistry offers a versatile approach for

constructing dynamic polymer assembli€yclodextring

The formation of supramolecular polymer assemblies__,. I
P poly calixarenescucurbiturils and crown ethers act as hosts for

s P r_i _ma ' ' Iy _g_o ver m-_é d_ shypc %l}/e& et fied sughoaglaqnian?aﬂe’ (@Ha1e) , viologen
electrostatic interactions, methgand coordination, and which are 1, -disNpstitutees , -ipyjidinium

gpstguest rle(;ognl.thn. :\/Io_tlfs such alseldopynmf_mo?e salts(C H oNdRy amior(urdedvatives:d
Imers, cyclodextrin inclusion complexescucurbituric - rpeqe  reyersible  inclusion complexes impart stimuli

ba_sedhos;l systems, antI:érp)I/rldme met_"’?' coorc(ijlnatmn _blresponsiveness, sdikaling behavior, and modularity to
units enable precise molecular recognition an reverS|. gupramolecular polymer networké.

association, allowing error correction and dynamic . o . .
reconfiguration within assembled structuf®s. Metal Ligand Coordination in Polymer Assisted

) ) Assemblies:
Role of Polymer Architecture and Molecular Weight:

| hi including i lock ¢ Metali ligand coordination, involving motifs such as
Polymer architecture, including linear, block, gra t’t erpyridi Bé pyCi di pamdPoyriil  N)

and starshaped configurations, critically influences self (essential macrocyclic organic moleculas)its, enables
assembly pathways and resulting morphologies. MOIeCUl%e formation of robust yet reversible supramolecular

weight and polydispersity regulate chain mobility, =, iectyredisl Coordinationdriven assembly allows

cooperatlv_e b_mdmg strength, and n_etwork Sta_b'“ty’tunable mechanical strength, redox activity, and optical
thereby dictating the formation of micelles, VeS'C|eS’functionality within polymer systems

networks, or hierarchical assemblis.

) o Structural Diversity and Self AssemblyPathways:
Thermodynamic and Kinetic Aspects of Self Assembly:

Polymer based supramolecular systems exhibit

h Suzramollelellard ) pbolyn?e.r ) .assefr]?bly 'S remarkable structural diversity arising from the interplay
thermodynamically driven by minimization of free energy, pbetween molecular recognition, polymer architecture, and

while kinetic factors control assembly rates and metaStablgssembly condition®?  Controlled  sekassembly

states. The balance between enthalpic interactions arb%thways enable the formation of ordered structures across

entroplc. penalties q (Ijetermmes asslemblly i rg]vensqbll multiple length scales, ranging from molecular networks to
responsiveness, and lofgrm structural evolutiofr nanoscale and soft matter architectt8s.
Design Strategies for Polymer Based Supramolecular

X Supramolecular Polymers and Network Formation:
Assemblies:

Supramolecular polymers are formed through

The .rat|on.al design of p.olymer.based _SuPramOIeCUIa}reversible, noncovalent linkages between monomeric or
assemblies relies on the deliberate integration of molecul%rOlymeric units, leading to dynamic chain growth and
recognition elements within polymer frameworks to ’

. . R : network formation. Hydrogebonded motifs, hosguest
achieve predictable setfrganization and functional

) ) T interactions, and metdigand coordination faciliti linear
performance. Strategic selection of morers, binding

) e . ) or crosslinked supramolecular polymers with tunable
motifs, and coordination sites enables fine control over

blv behavi ibili q el mechanical strength and sékaling capability. The
assembly behavior, reversibility, and responsiveness. transient nature of these interactions allows structural

Functional Monomer Selection and Molecular reorganization under external stimiA!

Recognition Motifs: Micelles Vesicles and Hierarchically Organized

Nanostructures:
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Amphiphilic polymer systems seHdssemble into rearrangement, enhancing durability, adaptability, and
micelles and vesicles driven by hydrophobic interactiongong-term performance of polymer assemblies.
and interfacial energy mmmmaﬂdﬁ] Supramolecular g nctional Evolution in Chemical Systems:
interactions further enable hierarchical organization into

nanotubes fibers and multilayered assemblies. Such The functional eyolut|on ) Of,_ polymer  driven )
nanostructures exhibit controlled size, morphology andsupramolecular assemblies has significantly expanded their

encapsulation properties, making them valuable fO[role in chemical systems, enabling the development of
functional and biomedical applicatioR8 advanced materials with adaptive, multifunctional, and

sustainable characteristics. The synergy betwpolymer

frameworks and reversible supramolecular interactions
Supramolecular hydrogels arise from three allows precise modulation of material properties under

dimensional polymer networks stabilized by reversibleoperational conditiong¥

noncovalent interactions. These soft matter systems displaymart Materials and Self Healing Polymers:

viscoelastic behavior, injectability, and responsiveness,

enabling applications in tissue enginegridrug delivery,

and regenerative mediciié.

Supramolecular Hydrogels and Soft Matter Systems:

Smart supramolecular polymers exhibit autonomous
responses to mechanical stress, thermal variation, or
chemical stimuli. Sethealing behavior arises from
dynamic hydrogen bonding, méthagand coordination, or
host guest interactions that enable damagetvorks to

Stimuli responsive supramolecular polymer systemseorganize and restore integrity. Such materials
represent a significant advancement in functional materialemonstrate enhanced durability and extended service
design, as they exhibit dynamic structural and propertjifetimes.
changes in response to external environmental cues. Tl@ptical Electronic and Catalytic Applications:
reversible nature of noncovalenténactions enables these

systems to adapt, reorganize, and recover, closely .Supramolecula.r polymer s;./stems. have been
mimicking biological processed! engineered for optical and electronic applications through

t he i nc o r-poojugatad units) chrerhophores, and
redoxactive components. Controlled sesembly
pH-responsive assemblies often exploit protonétion influences charge transport, light emissiond anergy
deprotonation of functional groups such as aminesiransfer. In catalysis, supramolecular organization provides
carboxylic acids, and imidazole moieties, leading toconfined microenvironments that enhance selectivity,
controlled assembly or disassembljhermoresponsive activity, and recyclability of catalytic sit€$!
polymers, including  poly(N-isopropylacrylamidg  gystainable and Green Supramolecular Materials:
undergo reversible phase transitions in response to
temperature variations. Redogsponsive systems utilize - N o
redoxactive units such derroceneor disulfide linkageso energy fabrication, recyclability, and minimal waste

. . A inciples?” Bio- i
modulate supramolecular interactions under oxidative ngn!"nmples. Bio-based polymfars and gnwronmentally
reductive condition&? benign supramolecular motifs contribute to the

development of sustainable materials aligned with green
chemistry principles.

Stimuli Responsive and Adaptive Supramolecular
Polymer Systems:

pH Temperature and Redox Responsive Assemblies:

The use of noncovalent interactions enables- low

Light and Chemical Triggered  Structural

Transformations: ) o )
) Functional Evolution in Biological Systems:
Photoresponsive supramolecular polymers

incorporate chromophores sucheasbenzenapiropyran
and diarylethene enabling lightinduced conformational

Polymer driven supramolecular assemblies have
undergone significant functional evolution in biological

changes and reversible assembly. Chemical triggersc’yStems’ where ~ dynamic molecular  recognition,

including competitive guests or ions, can SelectiVeb}mocompatlblllty, and responsiveness are critical. The

. . : . ._“reversibl n ive natur f ramolecular
disrupt or reinforce supramolecular interactions, aIIowmge ersible and adaptive nature of supramolecula

precise control over structure and functiéh interactions enables the design of sophisticated platforms
' that closely interact with complex biological

Reversibility Self Healing and Dynamic  anvironment&®

Rearrangement: )
Drug Delivery and Controlled Release Platforms:

The dynamic reversibility of supramolecular bonds

. . . . ramolecular polymer mbli h as micell
facilitates seHhealing behavior and continuous structural Supramolecular polymer assemblies such as micelles,

vesicles, and hydrogels provide efficient carriers for
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therapeutic agents through encapsulation or ilgostst

complexation. Stimuli responsive release mechanisms,

triggered by pH gradients, redox conditions, or enzymatic ) . .

activity, enable sitespecific drug delivery with reduced Computational and Modeling Studies:

systemic toxicity and enhanceuketapeutic efficac{?”! Computational approaches including molecular
dynamics simulations, density functional theory
calculations, and coarggrained modeling offer molecular
level insights into assembly mechanisms, energetics, and
structuré property relationship®l

Gene Delivery Tissue Engineering and Regenerative
Medicine:

Cationic supramolecular polymers facilitate nucleic
acid delivery via electrostatic interactions witiNA or
RNA offering improved transfection efficiency and
reducedcytotoxicity In tissue engineering, supramolecular
hydrogels mimic extracellular matrices, supporting cell ~ Despite significant progress, polymer driven
adhesion, proliferation, and differentiation while allowing supramolecular assemblies face critical challenges that
dynamic remodelin§” limit their broader application and translation into
functional technologies. Controlling precise setsembly
in complex environments remains difficultug to

Functional supramolecular polymers incorporatingcompeting noncovalent interactiongolydispersity of
fluorescent probes, contrast agents, or recognition elementsy mers and sensitivity to external conditions. Achieving
enable sensitive bioimaging and biosensing. Thesg,p st mechanical stability while maintaining dynamic
interfaces support resime monitoring, diagnostics, and esnansiveness is another persistent challenge, particularly
combined therapeutic and diagnostigplgations within - ¢ <o# matter and hydrogel systems intended for

biological systems™! biomedical application&?

Current Challenges and Emerging Research
Directions:

Bioimaging Biosensing and Therapeutic Interfaces:

Characterization Techniques for Supramolecular

Emerging research is focused on addressing these
Polymer Assemblies:

limitations through the development of multicomponent
Comprehensive characterization is essential foand hierarchical assemblies, integration of bioinspired
understanding the structural organization, dynamianotifs, and incorporation of orthogonal interactions to
behavior, and functional properties of supramoleculaenhance selectivity and adaptability. Aaees in stimui
polymer assemblid®] Owing to the reversible and responsive design, includingulti-trigger and sequential
multiscale nature of supramolecular interactions, activation systemsre enabling increasingly sophisticated
combination of experimental and theoretical techniques ifunctional behaviord®”. Additionally, the combination of
often required to obtain reliable insighig. experimental and computational approaches is providing

Spectroscopic and Microscopic Approaches: predidgive control over assembly pathways and
morphology. Future directions include the creation of

Spectroscopic techniques such as nuclear magnetfﬁtelligent supramolecular networks for targeted drug

resonance spectroscopy, Fourier transform infrare(gh,_}"\/ery adaptive materials, and renewable energy

spectroscopy,  ultravioletisible .spectroscopy, and applications, emphasizing sustainability, biocompatipilit
fluorescence spectroscopy are widely employed to probgnd scalable fabrication methdef

molecular recognition, binding modes, and intéicm
strengths. Microscopic methods including Atomic Force
Microscopy, Transmission Electron Microscopy, And Polymer driven supramolecular assemblies represent a
Scanning Electron Microscopy enable visualization oftransformative frontier in chemistry and materials science,
assembly morphology, size distribution, and hierarchicatombining the structural versatility of polymers with the
organization at the nanosc&i8. dynamic precision of noncovalent interactions. Future
research is likely to focus ahe rational design of multi
] ) ) _ stimuli  responsive systems, hierarchically organized
Th_ermal a.naIyS|s techniques Sth a,s d'ffer,ent'ahetworks, and bioinspired assemblies with programmable
Scarmmg_Cannmgtry and ThermograV|rT1_etr|canaIy5|s functionality ¥ The integration of orthogonal interactions,
prowq_e information pn thermz.al stability and IOhf,als’ecooperative binding motifs, and adaptive polymer
transitions. Mechgnlcal _testlng ) and _rhe0|09lca|archite:tures is expected to enhance structural control,
measu.rements elu0|da.1te V|s.C(.)eIast|c behavior, netwo%versibility, and functional diversity, enabling
dynamics, and selffiealing efficiency of supramolecular applications across drug delivery, regenerative medicine,
polymer system&? sensing, and sustainable materis.

Future Perspectives and Concluding Remarks:

Thermal Mechanical and Rheological Analysis:

Vol. 13| Issue 1| January2026 115 www.newmanpublication.com



New Man International Journal of Multidisciplinary Studies (NMIIMS) ISSN: 2348-1390

Advancements in characterization, computationalConclusion:
modeling, and highhroughput screening will further Polymer driven supramolecular assemblies combine
accelerate  predictive design and optimization  Ofyynamic noncovalent interactions with  polymeric
supramolecular polymer systefff8.Emphasis on green fameworks to create adaptable, multifunctional, and
chemistry, biocompatibility, and scalability will facilitate stimuli-responsive systent8! Their structural versatility
translation from laboratory research to reairld  ang functional evolution enable applications across
applications. In conclusion, the evolving synergy betweenyemical and biological fields, from smart materials to drug

polymer science an'd' supramolecular' chgmistry offer3elivery, highlighting their transformative potential in
unparalleled opgrtunities to develop intelligent, self nextgeneration functional materigf¢!
organizing, and multifunctional materials, establishing a

foundation for the next generation of adaptive chemical and
biological systemd?*2
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28.
Study on PhysiceChemical Parameters of Waterin Yeldari Dam, Tg. Jintur
Dist. Parbhani (M.S.)

Narayan W. Choudhari?, Dinkar P. Kotwal 2,
Department of Chemistry, DSM6s ACS Colleg

Abstract:

The quality of water usually described according to its physicochemical and biological parametedahé#m is the

most important dam in Parbhani Distri€tams serve as major sources of drinking and irrigation water. Excessive use of
chemical fertilizers and pesticides in agriculture are causing tremendous pollution which reduces water quality. So it is
necessary to check the water quality parametersasitdgmperature, pH, DO,BOD, COD, Total alkalinity,i€&rdness,

Mg 1 Hardness, Chloride, Sulpte, Phosphate, Nitrate and TDS of water . During the study periods we investigated the
both Physical as well as Chemical parameters of Yaldari Dam. The dam water is safe for the use for drinking and
agricultural use.

Keywords: Physicochemical, Alkalinity, Dissolved Oxygen, BOD, Yeldari Dam, Parbhani.

Introduction : SampleCollection:

Water is an essential natural resource for human

survival and socieconomic - development. RESErVoirs ot veldari Dam in clean, preashed polyethylene bottles.
constitute major sources of potable water supply an@&;mpjes were analysed within 24 hours. Samples were
irrigation. There are several factors which are responsiblg|iacted in August and December, 2025. Initially Water
for deterioration of water bodies suchiasreased human temperatures and pH were recordedanpling sites with
population, industrialization, use of excess fertilizers in thgy,o help of thermometer and pH paper respectively. Later
agriculture and other mamade activities. According 10 sampjes were kept in cool and dark box and transported to
WHO, about 80% diseases in human being are caused Pyhoratory for analysis. Collected water samples were
water. It is very essential and important to test the watef, v eqd for major physical and chemical parameters like
beforeit is used for drinking, domestic, agricultural and DO,BOD, C, Total alkalinity, CaiHardness, Mgi

industrial purpose. Water must be tested for differen,, qness, Chioride, Sulphate, Phosphate, Nitrate and TDS
physicechemical parameters. Yeldari Dam is an importanys \ ater

water reservoir in Parbhani district and serves as a major )
source of drinking water for swunding regions. Instrumentsand Chemicals
Therefore, regular monitoring of its water quality is PH meter

necessary to ensure public health safety. Phychiemical CO“dUCt'V'tY meter

analysis provides valuable information regarding the¢EDTA solution

suitability of water for drinking purposes. The presentStandard HCI _
study focuses othe physicechemical analysis of drinking A9 NO ~ sol uti on
water samples collected from Yeldari Dam and comparisof:l)'s'“"ed water .

of results with WHO and BIS drinking water standards.  Burette, pipette, conical flask

Water samples were collected from selected locations

Objectivesof the Study. Table No. 1 Analytical Methods:
1. To collect water samples from Yeldari Dam Parameter Method Used
2. To analyze physicechemical parameters of drinking pH pH meter
water TDS Conductivity method
3. To compare the results with WHO/BIS standards Dissolved Oxygen Winkler titration method
4. To assess the suitability of dam water for drinking Mg,Ca and Total Hardnes EDTA titration
purposes Chloride Mohr 6s me
Materials and Methods: Alkalinity Acid-base titration
Study Area. COD T?tr!metr@c Method
BOD Titrimetric Method

For study of physicehemical parameters of water the i i
Yeldari dam which is located 15 km distances away fronfX€sultsand Discussion:
Jintur city in the Yeldari village district Parbhani was PhysicalParameters
selected and serves as a major water source for dome

. SFgmperature:
and agricultural use.

The water temperature is important factor for
indicating the quality of water. It affects the aquatic
organism, chemical solutes and dissolved oxygen and
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carbon dioxide in water. The temperature of water insalts in aquatic water, therefore the 350 mg/L TDS is found
Yeldari dam is recorded 29°C in months of August 2025n August. But Total dissolved solids were found 227mg/L
and 22°C in months of December. in the month of December 2025.

pH: Chemical Parameters

. . ) DissolvedOxygen
The pH is considered to be one of the most importang;ssolved oxygen is play vital role in aquatic fauna, it is an

parameters of water quality. During study periods the pHmnortant parameter for aquatic life mainly fish culture, it
value is ranges from 6.23 to 7.79, the water quality oty nd lower in summer by (Rani et al., 2004 and
Yeldari dam is near about neutral. Medudhula et al., 2012).In August 2025 mean values of
Total DissolvedSolids(TDS): dissolved oxygen was found @M8g/L. Whereas in
December 2025 mean values of dissolved oxygen was
found 5.40mg/L. Dissolved oxygen was found more in the
Temperature month ofDecember antkss in August.
Calcium Hardness
35 In Yeldari dam calcium Hardness found 98.72 mg/L in
30 months of August 2025 and in months of December 2025
25 calcium hardness found to be 77.86 mg/L. Therefore above
20 recorded value of calcium, it indicate water is use for
15 drinking purpose.
10 Magnesium Hardness
The magnsium hardness found 81.11 mg/L in the month
of August 2025and 77.68mg/L in the month of December
2025.in Yeldari dam.
Total Hardness:
Total hardness of water was found 179.83 mg/L in August
B Temperature 2025 and 155.54mg/L in December 2025. The more
hardness of the dam water found in month of August and
less hardness found in winter season (Decenthaiing
study period.
TDS Chloride:
The chloride value of Yeldari dam was found to be 125.63
400 mg/l in August 2025 and 90.87 mg/L in December 2025.
300 The chloride value was more in August and less in
December of study period. Similar result obtained by

200 . Shinde et al., (2011). Compared with thetavaquality

o o

Mean of Value in  Mean of Value in
August 2025 December 2025

100 standards, 14 our waters correspond to good quality.
Alkalinity:
The alkalinity of Yeldari dam water was found to be 440
mg/L in August 208 and 390 mg/L in December 2025
mainly due to bicarbonate ions. Bicarbonate alkalinity is

B TDS common in surface waters and provides buffering capacity.

The observed value is within BIS permissible limits but
close to the upper recommended range.
H Chemical Oxygen Demand (COD):

P Chemical Oxygen Demand was found to be 109.54 mg/l in
10 August 2025 and 115.48 mg/l in December 2025. The
lowest COD value was observed in August 2025 while
highest was investigated in the month of December. Verma
et. al., (2011) observed COD ranges from-398 mg/L
showing that the dam water is organically polluted. The
COD value indicates moderate organic pollution in dam
water. Such values may result from decaying vegetation,
Mean of Value Mean of Value surface runoff, and domestic waste inflow. Although COD
in August 2025  in December is higher than typical rihking water levels, dam water

2025 generally undergoes treatment before supply.

Mean of Value in Mean of Value in
August 2025 December 2025

H pH

oON b O O

TDS is determined to measure the amount of solids
dissolved in water. Higher TDS values can be toxic to
aquatic life. Due to agricultural land near the dam, runoff
is rich and it increases the fertilizers, organic matter and
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BOD (Biological Oxygen Demand)

Biological Oxygen Demand was found to be 3.5 mg/l in
August 2025 and 2.8 mg/l in December 2025. The BOD
value indicates low to moderate organic pollution in dam

Dissolved Oxygen

5.5
5 .
Le [
Mean of Value in Mean of Value in
August 2025 December 2025
W Dissolved Oxygen
Ca Hardness
150
100
0
Mean of Value in Mean of Value in
August 2025 December 2025
B Ca Hardness
Mg Hardness
82
80
78
74
Mean of Value in Mean of Value in
August 2025 December 2025
B Mg Hardness
Total Hardness
190
180
170
160
150
150 /i

Mean of Value in
December 2025

Mean of Value in
August 2025

W Total Hardness

500
400
300
200
100

0

. nh“

pH Ca Hardness Alkalinity

W Mean of Value in August 2025

B Mean of Value in December 2025

water. Such values are typical for surface water bodies and
suggest that the water quality is acceptable but may require

treatment before drinking.
Table No.2 PhysicoeChemical Parameters of Yaldari

Dam, Parbhani.

Parameters Mean of Value| Mean of Value
in August 2025/ in December
2025
pH 6.23 7.79
Temperature 29°C 22°C
TDS 350 mg/l 227mgl/l
Dissolved 4.90mg/L 5.40mg/l
Oxygen
Ca Hardness 98.72mg/l 77.86 mgl/l
Mg Hardness 81.11 mg/l 77.68mg/l
Total Hardness 179.83 mg/ 155.54mg/|
Chloride 125.63 mg/| 90.87mg/l
Alkalinity 440mg/I 390mg/l
COD 109.54 mg/l 390mg/l
BOD 3.5 mgl/l 2.8 mgl/l
COD
600
400
u
0 [ |

Mean of Value in

August

2025

ECOD

Mean of Value in
December 2025
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150
100
50
0
BOD
4
— .
0
Mean of Value in Mean of Value in
August 2025 December 2025
mBOD
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Abstract:

Schiff base ligands constitute an important class of organic compounds containing the azomethwig (
functional group. Due to their facile synthesis, versatile coordination behaviour, and stronginuitaj ability, Schiff
bases have attracted sigo#nt attention in coordination chemistry. Their metal complexes, particularly with transition
metals, exhibit enhanced biological activities such as antibacterial, antifungal, anticancer, antioxidant, -and anti
inflammatory properties. This review summaszhe synthesis, coordination behavior, and major biological applications
of Schiff base ligands and their metal complexes.

Introduction : Schiff bases than aliphatic ones due to conjugation, which

Schiff bases, first reported yugo Schiff (1864)are stak_)ilizes the azome_thine group. Similarly,_S_chiff bases
formed by the condensation of primary amines withd_e_”‘_’ed from arome}nc amines _tend to exhibit enhanced
aldehydes or ketones. The presence of the azomethifi@idity and planarity, which is favorable for metal
nitrogen atom makes these compounds excellent ligand@0mdination.
for coordination with metal ions. In recent years, Schiff From a coordination chemistry perspective, Schiff
base metal complexes have gaineasiderable interest base ligands are classified based on the number and type of
due to theirstructural diversity chelation ability and donor atoms present in the molecule. Tdmomethine

potential biomedical applications nitrogen atom is the primary donor site, but many Schiff
Synthesis and Structural Features of Schiff Base bases also contain additional donor atoms such as oxygen
Ligands. or sulfur. For example, Schiff bases derived from

. . . i salicylaldehyde containghenolici OH group, which can
_ The synthesis of Schiff base ligands is one of thegrdinate through oxygen after deprotonation. Such
simplest and most versatile procedures in organic arg?ands act adidentate (N,O-donor) systems and form
coordination chemistry. Schiff bases are generally preparedap|e five or sixmemtered chelate rings with metal ions.
through acondensation reactionbetween aprimary i ) . . .
amine and an aldehyde or ketone resulting in the Depending on their donor sites, Schiff base ligands
formation of an imine i(C=Ni) linkage with the ™May actas: _ o
elimination of a water molecule. This reaction is usually Monodentate ligands coordinating through one
carried out in alcoholic solvents such as ethanol or donor atom o
methanol under reflux conditions, although solvizae Bidentate ligands coordinating through two

and green synthetic apgaches hee also been reported. donor atoms
g y ) P 3. Tridentate or polydentate ligands coordinating
General Reaction

through three or more donor atoms

Al dehyde / Ketone + Pri mampyydhidte Biff Bases @ ipdrtlculafy@ifpdrtarit
H O because they form highly stable metal complexes due to the

The reaction proceeds efficiently due to thechelate effect Chelation increases the thermodynamic
nucleophilic attack of the amine nitrogen on thestability of the complex and often enhances biological
electrophilic carbonyl carbon, followed by dehydration. activity.
Mild acidic or basic conditions may be used to facilitate the  The structural rigidity or flexibility of Schiff base
reaction, although excessive acidity cardléa hydrolysis ligands also plays a crucial role in determining their
of the imine bond. The simplicity of this synthesis allows acogrdination behavior. Rigid ligands with aromatic
wide range of Schiff base ligands to be prepared byackpones often favor square planar or octahedral
selecting different amines and carbonyl compounds. geometries, while flexible ligands may adapt to tetrahedral

One of the most important features of Schiff baseor distorted coordinatio environments. This flexibility
ligands is theistructural diversity . By varying the nature allows Schiff base ligands to stabilize metals in various
of the aldehyde or ketone and the amine, ligands witloxidation states and geometries.

different electronic, steric, and coordination properties can  another important structural aspect is the presence of
be obtained. Aromatic aldehydes often produce more stablg,nstituents on the aromatic rings. Electrafonating
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groups (such a@OH,TOCH ) i ncr ease e thelgand. dpon d¢andisation,ythe aromethine nitrogen
donor atoms, strengthening métagand bonding, whereas donates its lone pair of electrons to the metal ion, resulting
electronwithdrawing groups (such a®l O i Cl) influence in a shift of the C=N stretching frequency in the infrared
the electronic properties and reactivity of the ligand. Thesepectrum to lower wavenumbers. This shift is a key
substitutions can sigficantly affect the biological and diagnostic feature confirmin coordination through the
physicochemical properties of the resulting metalazomethine nitrogen. Similarly, electronic (Usible)
complexes. spectra of metal complexes show characteristic d
transitions and ltarge transfer bands, providing valuable
information about the geometry and electronic structure of
the complexes.

Spectroscopic techniques such bdrared (IR),
nuclear magnetic resonance (NMR), UWisible
spectroscopy, and mass spectrometnare commonly
used to characterize Schiff base ligands. The formation of Magnetic susceptibility measurements are also used to
the azomethine group is confirmed by the appearance ofdetermine the number of unpaired electrons in Schiff base
characteristic C=N stretching vibration in the IR  metal complexes, helping to confirm oxidation states and
spectrum, usually in the range of 16Q06 5 0 ¢ m T coordihBtiBn geometries. In addition, techniques such as
spectroscopy further confirms ligand structure by showinglectron paramagnetic resonance (EPRare particularly
the azomethine proton signal. useful for studying Cu(ll) complexes, as they provide

In summary, Schiff base ligands are easily synthesizeH‘Sight into the electronic environment of the metal center.

compounds with remarkable structural flexibility and One of the most important consequences of metal
coordination ability. Their diverse donor sets, tunablecomplex formation is the enhancementcbiemical and
electronic properties, and ability to form stable chelateshermal stability . Schiff base ligands alone may undergo
make them ideal ligands for thermation of biologically  hydrolysis or degradation under physiological conditions,
active metal complexes. These structural features form tHeut their metal complexes are often more resistant to such
foundation for their extensive applications in coordinationprocesses. This increased stability is essential for biological
chemistry and medicinal research. applications, where compounds mreshain intact to exert

Metal Complexes of Schiff Bases their activity.

Metal complexes of Schiff base ligands constitute one Another significant aspect of Schiff base metal
of the most extensively studied areas in coordinatiorfOMPlexes is themredox behavior. Many transition metals
chemistry due to their structural diversity, stability, andc@ undergo  oxidatiomeduction  reactions, and
wide range of applications. Schiff base ligands re‘,j‘d”y:oordmatlon with Schiff base ligands can stabilize unusual
coordinate with metal ions, pantlarly transition metals, ~ oXidation states. This redox activity is particularly
because of the presence of donor atoms such as azomethifortant in biological systems, where metal ions
nitrogen, phenolic oxygen, and sometimes sulfur. ThesRarticipate in elecon transfer reactions. As a result, Schiff
donor atoms form strong coordinate bonds with metal iond?2S€ metal complexes are often usednaslels for
leading to the formation of stable metal complexes. metalloenzymes  helping  researchers  understand

N i biological redox processes.

Transition metals such asopper(ll), nickel(ll), . i )
cobalt(ll), zinc(ll), iron(lll), manganese(ll), The solubility and I|p<_)ph|I|C|ty of Schiff base met_al
chromium(lll), and vanadium(V) are commonly used in cOmplexes are also influenced by ~complexation.
the synthesis of Schiff base metal complexes. The choicgoordination generally increases the lipophilic character of
of metal ion plays a crucial role in determining the the compound, allowing it to interact more effectively with
geometry, electronic structure, magnetic properties, anfiological membranes. This propertis crucial for
biological activity of the resulting complex. Coordination antimicrobial and antlcancer activity, as it facilitates the
generaly occurs through the azomethine nitrogen and otheifansport of the complex into cells.
donor atoms present in the ligand, forming chelate rings From a synthetic perspective, Schiff base metal
that enhance the #$fidity of the complex through the complexes are typically prepared by reacting the pre
chelate effect. formed Schiff base ligand with a metal salt in an

The coordination geometry of Schiff base metal@PPropriate solvent. The reaction is usually carried out
complexes depends on factors such as the denticity of th@ider reflux, followed by crystallization or mipitation of
ligand, the oxidation state of the metal, and steridhe complex. The stoichiometry of the ligattdmetal ratio
constraints. Common geometries inclustpiare planar, determines whether mondis., or polynuclear complexes

tetrahedral, andoctahedral arrangements. For example, &€ formed.

Cu(ll) and Ni(ll) Schiff base complexes often exhibit In summary, metal complexes of Schiff base ligands
square planar or distorted octahedral geometries, whilexhibit diverse structures, coordination geometries, and
Zn(ll) complexes frequently show tetrahedral coordinationphysicochemical properties. Their enhanced stability,

due to their di el ect r ontunable@lecirdnic charactaristicsy and redox aotiwity raaked
complexes commonladopt octahedral geometries with them highly valuable in coordinati chemistry and
polydentate Schiff base ligands. biological research. These properties provide the

The formation of metal complexes often leads tofoundation for their wideanging biological applications,

significant changes in the physicochemical properties of/hich are discussed in the next section.
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Biological applications of Schiff base ligands and their

metal complexes

Biologic Examples of
al Mechanism / Notes Metal
" Activity Complexes
Chelation reduces
metal ion polarity anc Cu(ll), Ni(ll),
increases lipophilicity  Zn(ll) Schiff
Antibac Y bett erbasecomplexe
terial  membrane penetratic e.g., Cu(ll}
binds to salicylidene
DNA/proteins, Schiff base
disrupting replicatior
Cu(ll), Co(ll),
Mn(l1), Ni(l1)
. Schiff base
. Interferes with enzymr )
Antifun - complexes; e.g
gal systems, dls_rupts ce cu(ln
membrane integrity complexes
againstCandida
albicans
Cu(ll), Pt(In),
. . Ru(ll), Co(lll)
Antican DNA |_n_tercalat|0n, Schiff base
inhibition of cell .
cer/ L . complexes; e.g
. division, induction of -
Cytotoxi . . Cu(llyi 2-
apoptosis, generatio
c hydroxyacetopl
of ROS -
enone Schiff
base
Cu(ll), Zn(Ily,
Scavenges free Ni(ll) Schiff
L radicals, prevents base complexe
Antioxi L :
dant oxidative damage tc comple>_<es witk
DNA, proteins, and phenolici OH
lipids groups show
stronger activity
Cu(ln), Co(ll)
Inhibits pre Schiff base
Anti - inflammatory complexes;
inflamm mediators and experimental
atory enzymes (COX, LOX models show
reduces edema reduced
inflammation
Co(ll), Cu(lly,
Zn(ll) Schiff
. Interferes with viral base complexe
Antivira o - .
| replication or viral still under
enzyme activity research for
specific viral
targets
Mimics natural Cu(ll), Fe(ln),

Enzyme metalloproteins/meta Co(lll) Schiff

Role of Chelation in Biological Activity of Schiff Base
Metal Complexes.

The concept othelation is central to understanding
the biological activity of Schiff base metal complexes.
Chelation involves the coordination of a ligand to a metal
ion throughtwo or more donor atoms forming one or
more stable rings that include the metal at the center.
Schiff base ligands, due to the presence of the azomethine
(TC=Ni") nitrogen and other donor atoms such as oxygen
or sulfur, are excellent chelating agents, and the resulting
metal complexes display significantly enlsad chemical,
physical, and biological prapties compared to free
ligands or uncoordinated metal ions.

Influence of Chelate Ring Size and Geometry

The size of the chelate ringformed in a Schiff base
metal complex plays a significant role in biological
activity. Five and sixmembered chelate rings are most
stable due to reduced ring strain, which increases the
thermodynamic and kinetic stability of the complex. This
stability is crucial for applications in biological systems
where the complex may face varying pH and ionic
conditions.

Coordination geometnalso affects activity. Square
planar geometries, often observed in Cu(ll) and Ni(ll)
Schiff base complexes, allow optimal interaction with
planar biomolecules such as DNA, enhancing anticancer
and antimicrobial effects. Octahedral geometries, common
in Feglll) and Co(lll) complexes, provide multiple
coordination sites for interaction with enzymes and
proteins.

Chelation and Redox Behavior

Many biological activities of Schiff base metal
complexes are influenced by thedox properties of the
central metal ion. Chelation can modulate the redox
potential, making the complex more effective in catalyzing
or mimicking enzymatic reactions. For instance:

1. Copper(ll) Schiff base complexescan undergo
redox cycling between Cu(ll) and Cu(l), enabling
the generation of reactive oxygen species (ROS) that
are toxic to bacteria or cancer cells.

2. Chelation stabilizes these redox states, preventing
premature degradation and ensuring targeted
biological action.

This property is particularly relevant ianticancer
and antimicrobial applications, where ROSnediated
damage to cellular components plays a key role.

Chelation and Metal lon Delivery:

Chelation also serves as a method ¢ontrolled
delivery of metal ionsin biological systems. Free metal
ions may be toxic or poorly soluble, but complexation with

mimics/  oenzymes (e.g., base complexe Schiff bases modulates their release and ensures safe
7 Bioinor superoxide dismutas  used in transport to target sites. For example:
ganic  catalase); studies mechanistic an 1. Zn(ll) Schiff base complexes deliver zinc ions to
models metaHigand structural enzymes involved in bacterial metabolism,
Interactions studies enhancing antibacterial activity without causing
systemic toxicity.
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2. Cu(ll) complexes target tumor cells preferentially,
exploiting differences in cellular uptake and redox
environment. 3.

Synergistic Effects

Chelation often produces synergistic effectwhere such as pH, light, or redox conditions.
the combined properties of the metal ion and the Schiff ' ’

base ligand result in higher activity than either component 1€ versatility of Schiff bases allows the incorporation
alone. Eor instance: of various functional groups tdine-tune solubility,

1. The ligand providesstructural stability and  Pioavailability, and selectivity, making them ideal
lipophilicity , while the metal ion contributesdox ~ candidates for nexgeneration therapeutics.
activity and enzymatic interaction. Conclusion

2. This synergy enhances antimicrobial, anticancer,  gepiff hase ligands and their metal complexes are a
and antioxidant activities and reduces the effective,jgny versatile and biologically significant class of
dose required for therapeutic action. compounds, bridging the fields of coordination chemistry,

Future Prospects of Schiff Base Ligads and Metal medicinal chemistry, and bioinorganic research. The
Complexes. azomethinei(C=Ni) group, along with aditional donor

Schiff base ligands and their metal complexes hav&0MS such as oxygen or sulfur, allows these ligands to
consistently attracted scientific interest due to theifo'™M Stable chelate complexes with a wide range of
versatility, structural diversity, and widanging transl_non_meta_lfs._ Complexation enhances the ch_em|cal
biological activities. While their therapeutic potential hasStapility, lipophilicity, and redox properties of metal ions,
been extensively demonstrated, omgpiesearch continues which in turn impoves their interaction with biological
to explorenew applications, improved bioactivity, and ~ argets.
novel synthetic strategies The future of Schiff base These complexes exhibit a broad spectrum of
chemistry lies in integrating coordination chemistry,biological activities, includingantibacterial, antifungal,
medicinal chemistry, and materials science to developnticancer, antioxidant, antrinfammatory, and
compounds with dmanced biological, catalytic, and enzymemimicking properties. Chelation theory explains
technological applications. how coordination increases membrane permeability,
stabilizes metal ions, and facilitates interaction with

biomolecules such as DNA and enzymes. The geometry

One of the most promising areas of research involvegng denticity of the ligands further modulate activity,
the design ofmetal-based drugsusing Schiff base ligands. allowing the dsign of selective and potent metased
Schiff base metal complexes offer several advantages OVf{erapeutics.

traditional smalmolecule drugs, including improved

stability, selective targeting, and tunable activity Future Advances in nanotechnology, green synthesis,
research is expected to focus on: structural modification, and computational modeling

1. Targeted anticancer agentsDesigning complexes promise to enhance the pharmacological potential of Schiff
that preferentially accumulate in tumor cells usingbase metal (;qmplt_exes. Thelr_multlfunc_tlonahty extends
ligands with tumottargeting moieties. Metal beypnd medicine mto_cataly&s, materlqls science, and
complexes such as Cu(ll), Pt(ll), and Ru(ll) Schiff envwon_mental applications. Overall, Schiff base ligands
base derivatives are already under investigation adnd their metal complexes resent aobust platform for
alternatives to conventional chetherapeutics. developing innovative therapeutic agents — and

2. Multifunctional drugs: Combining antimicrobial, functional bioinorganic compounds underscoring their

antioxidant, and anticancer properties in a singlee”du””g relevance in modern chieal and biological
research.

Schiff base metal complex to treat complex or
multidrug-resistant conditions.

Metal-mediated prodrugs: Using Schiff base
ligands to deliver metal ions selectively, releasing
active species in response to environmental stimuli

Development of Novel Therapeutic Agents
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Abstract:

Potential antimalarial and antioxidant transition metal complexes of Fe (lll), Co(ll), Ni(ll), Cu(ll) and Zn(ll) were
designed and synthesized using heterocyclic Schiff bageaif8 5chloro-8-hydroxyquinoline.The heterocyclic Schiff
base (§ was obtained by combination oftg/droxy-5-nitrobenzaldehyde with-aminobenzothiazole under ethanolic
conditions using catalytic glacial acetic acid. The resulted ternary complexes were analysed for their structure elucidation
using various analysis teniques and tested for -iritro biological propertiesviz.,, antimicrobial, antimalarial and
antioxidant. The analysis data indicated octahedral geometry for ternary complexes of Ni(ll), Co(ll) and Fe(lll), distorted
octahedral for Cu(ll) complex and squatanar for Zn(ll) complex. The ternary complexes obtained were having excellent
potential to act as antimalarial and antioxidant agents.

Keywords: 2-hydroxy-5-nitrobenzaldehyde, antimalarial, antioxidant, molecular docking, ternary complexes

Introduction : hydroxyquinoline. The resulting ternary complexes were

Organic ligands with potential biological activities are @nalyzedo reach their structures using various techniques
known to suffer from issues related to toxicity andSUCh as elemental analysis, melting points, magnetic
bioavailability. Metal complexes are known to reduceSUSCeptibility, molar conductance along with 1sspectral
toxicity and improve bioavailability. In present téchniques infraed, electronic, mass, NMRH and™C)
investigation we designed potential antimilh and [for Schiff base only], thermal and powder XRD analysis.

antioxidant ternary complexes. Preclinical studies including determinationiatvitro

The high coordinating ability of-aminobenzothiazole bio!og?cal propertie§ like antimalarial, antimicrobial, and
owing to presence of sul gHofidant propgrties of jall pfytheecogpounds were o
electrons [12] leads it tmumerous biological actions such conducted using standard methods. Molecular docking
as anticancer 3!, antibacterial [59], antimalarial [10], ~Studies of Fe(lll), Co(ll), Cu(ll) and Zn(il) complexes were
and antioxidant [11] properties. Schiff bases, a prove§/Tied out to determining bimdy affinities of metal
milestone in coordination chemistry aided an advantage t6°MPIexes.
coordination chemists around the world [12]. TheExperimental:
biological actions such as herbicidal, anticancer, an€hemicals and Methods

antibacterial properties are among the several actions Qualigens Chemicals Private Limited supplied

§hpwn by varioiJs Schiff bases owinQ to the presence Qfj)oride salts of first transition series metals cobalt, copper,
imine group {C=N-) as a part of their structure [13: 8 o nickel and zinc. Sigma Aldrich Chemicals provided
hydroxyquinoline has long been ads in analytical and = 5 qroxy5-nitrobenzaldehyde,  -aminobenzothiazole

separat_ion operations owing t(_) _its gqod metal ide”tiﬁcatio%nds-chIor08—hydroxyquinolineAnaIyticaI grade quality
properties. It has also been utilized in the paper, wood, ang,emicals were used. Solvents in double distilled

textile sectors as a fungicide F14]. The various quinoline -4 4itions and dried using molecular sieves were used.

derivatives are known be responsible for antimalar ] ) B
activities. Melting points or decomposition temperatures of all

, . the compounds were recorded using a simple capillary tube
Present work was undertaken in order to desiginethod. Equip Tronics Conductivity Meter (Model: -Eq

potential antimalarial and antioxidant metal complexes 0gg4) provided with an inbuilt magnetic stirrer was used to
transition metals using Schiff basesf@nd 5chloro8- o614 room temperature molar costance of 0.001 M

hydroxyquinoline. and is a continuation of our journey ing, tions prepared using DMF solvent. Magnetic

that direction [1617]. In this, first row transition metals susceptibility determination at room temperature was
viz. Fe(lll), Co(l), Ni(ll), Cu(ll) and Zn(ll) were reacted ;i ev e d using Gouyoss0)bal an

with heterocyclic Schiff base ¢B[E-2-(benzo[d]thiazole 4\ ided by SES Instruments Private Limited. The internal
2-ylimino) methyl) -4-nitrophenol] and £&hloro8-  ¢i1ndard used was copper(ll) suifh
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Infra-red spectra were recorded using the Perkin ElImensingWell platemethod and the outcomes are discussed in
spectrophotometer, in the form of KBr pellets, in rangecomparison to the standard drug Streptomycin [21].
4000400 cm*. The NMR spectral analysi&H{ and**C) of  Similarly, they were also tested for antifungal property
Schiff base (§ was accomplished using thBruker against fungal pathogefis albicans, A. nigeusingAgar
instrument. Thermal analysis (TGA/DTA) was achievedWell Diffusion Assay[22] method and results are
using Mettler instrument [Module: TGA 1 SF/1100/358] represented in the form of diameter (mm) of growth
using heating rate of 10.00 k/min. The powderayx inhibition zones [23].
diffraction patterns were recorded with the help of anantioxidant.

Ultima IV instrument using xay 40kv20mA. , .
Free radicals are products of reactions when food

Schiff Base (S3) Preparation breaks down in our body or when someone exposed to
Reacting 2aminobenzothiazole and -t8/droxy5-  tobacco smoke or radiation and their production in living
nitrobenzaldehyde in equimolar amounts (1:1) in presencerganisms is inevitable. Antioxidants protect your cells
of glacial acetic acid yielded Schiff base)(She detailed against such free radicals responsiblecancer, heart and
procedure is similar to our earlier papers-lI4. The other diseases. Determination of free radical scavenging
recrystallization of yellow product was achieved usingusing DPPH was first and simplest protocol to evaluate
double distilled and dried ethanol solvent (Yield: 85%). antioxidant potential of a compound, biological extract or
Ternary Complexes Preparation other_ biological pompounds. The long form of DPPH is .
o N ) 1,2dipheryl-2pi cryl hydrazyl and i
The combination of transition metals, Schiff basg (S resulting in its quenching can be measured at 525 nm.
and 5chloro-8-hydroxyquinoline in equimolar quantities

(1:1:1 ratio) yielded ternary complexes. The detailed " Present work, DPPH method was employed to
procedure used is like our earlier papers-176 The record antioxidant potential of all the compounds as per the

recrystallization of colored complexes was carried oufrotocol established [225] with some modifications. The
using ethanol and the complexesrevelried. Facile and °utcomes of this experiments were discussed in

effortless room temperature synthesis, easy isolation arf®MParison to ascorbic acid and reportedesgntage of
yields in higher percentages were few of the advantages 8thiPition using equation (2),

this protocol. (Scheme 1)
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absorbance of DPPH and DPPH with Sample respectively.

Results and Discussion
Magnetic susceptibility.

inhibition

% =

)

The measured magnetic susceptibilities of 5.34 and

H

NTSOH:
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0/0};\ "/
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Where, M= Zn(Il)

3.85 BM

recorded for

iron and cobalt complexes

respectively, revealed that there are five unpaired electrons
in iron and three unpaired electrons in cobalt complexes,
respectively, which are result ahnly spin contribution

[27]. The spin contribution supported by additional orbital

Where, M= Co(Il), Ni(lI), Cu(IT)

contribution is reason behind the slightly higher magnetic
susceptibility 3.14 BM compared texpect2.89 BM
recorded for nickel complex [228]. One unpaired
electron in copper complex was revealed due to recorded
Plasmodium sps responsible for malaria disease andmagnetic susceptibility 1.81 BM while the zinc complex
is known to consume hemoglobin leaving toxic hemewas diamagnetic [27].
during its intraerythrocytic stage. Parasite detoxifies free
h e me t hhematingplymemt formation. This principle Molar Conductance. .
is the base of screening compounds for theiinzaiarial Low molar conductance recorded i.e. 124.60
activity [18]. Antimalarial properties of all the synthesized OhnT* cn? mol'* for all divalent ternary complexes of
compounds wer e dhematnrfonation d CORAK, FORPET, Nigkel and zinc metals, while high value i.e.
with the help of colorimetry by reading absorbance at 4085 Ohm*® cn¥ mol'* was recorded for trivalent iron
nm [1920]. The hematin percentage inhibition was complex. The data thus indicated towards-etattrolytic
calculated using equian (1), nature of_ divalent m_etal ternary complexes [29] and 1:1
501 GO OOB0E & electrolytic nature of iron complex [30]

Wp T Q)

Testing Biological Properties
Antimalarial .

IR Spectra.

o ] The bonding pattern and structure determination is
Antimicrobial supported by recording IR spectra in 400 cm! and
All the compounds were tested for antibacterialcomparing few prominent peaks in IR spectra of ligands
property againsE. coliandB. subtilisbacterial pathogens and complexes.

Vol. 13| Issue 1| January2026 128 www.newmanpublication.com



New Man International Journal of Multidisciplinary Studies (NMIIMS) ISSN: 2348-1390

The phenolic {OH) groups in both, Schiff bases}S ring in 2-hydroxy-5-nitrobenzaldehyde is indicated with a
yielded broad peaks at 3545 ¢amdin the spectrumof5 sharp singlet at G 7.081 ppm
chloro-8-hydroxyquinoline a broad peak was observed abenzothiazole ring and hose in 2Zhydroxy5-
3400 3450cmwhich is attributed to symmetric stretching nitrobenzaldehyde were indicated by multipletiat426
of (O-H) group.These were absent in spectra of complexe§.467 ppm. The hydrogensinimifeH=N-( a si ngl et
due to ML bonding using oxygen atoms of phenol©f)  9.443) and phenolitOH gr oups (a very sh

groups. Similarly, the-C=N-) groups in both, Schiff base 10.263) were observed in Schiff base)(S

(Se) and The strong band due to (C=N) at 1607%" was The 3C-NMR spectrum helps to monitor carbon
also observed3l]. Shifing towards lower frequency enyironment in organic compounds and in structure
values 6 these bands in complexes is enough evidence tgetermination, similar to that 8-NMR. In present work,

prove that both ligands are bonded to metals using nitroges-_\uvR spectrum of synthesized Schiff base) (8sing

of (-C=N-) groups. The rise of new peaks in region 414 cnc|, solvent was recorded using TMS (tetramethyl
474 and 50690 cmtin complexes revealed that stretching silane) as an internal standard to confirm carbon
vibrations due te(M-N) andn(M-O) bonding respectively  enyironment. The carbon atoms-@¥N) of thiazole ring,

are present [3B2]. The coordinated water molecules in (c.OH), (C=N-) of benzylidene and (®O;) groups
complexes can be witnessed due to the broad band at 33Qf,peared as chemical shifts at 189.81, 166.18, 140.18 and
3400 cm'. Two peaks which were unchanged in theq30.64 ppm respectively. The aromatic carbomsre
complexes were at 1627 and 750%mwing ton(C=N) and  gpserved in the region 116.61 to 125.72 ppm.

n(C-S-C) in thiazole ring in Schiff base b pointed Thermal (TGA/DTA) Analysis:

towards norparticipation of sulphur and nitrogen in
complex formation [33]. Nitrogen atmosphere was used to analyze the obtained

ternary complexes thermally (TGA/DTA) at the constant

_ . heating rate of Z&/min. Two major weight loss steps were
Two bands at 393 and 351 nm owing tdf(n * ) noted in the Thermogravimetric analysis curves recorded

transition in (C=N-) groupy and t ¢ an sfrhllithe Bomplexes.

aromatic benzene ring of Schiff base;)(#%as observed The first major step noted in the range Z8IPC was

[34-35]. Three bands at 326, 475 and 673 nm Wer%ue to loss of coordinated water and second major step in
observed in Fe (Ill) complex. The band observed at 326 nm J P

was owing to ligand field electronic transition while those' 29 400750°C was due to loss of associated ligands

at 475 and 673 nm were owind to electronic transitid simultaneously. At the end of analysis, metal oxides were
. 9K ) % found to be present beyond P&0due to thermal effect on
( F) “TY(P) & “T1g( F) *AX (P) respectively. This

information thus poi Fnetal complexes. This is sufficient to prove the thermal
pointed towards octahedral geometry Ostability of all ternary complexes

iron complex. Two baafs observed at 490 and 691 nm were '

seen in cobalt complex, out of which the one at 495 nm  The broad exothermic peaks were noted in the range

appeared as a shoulder, while the one at 685 nm was due#@0-750°C for all the ternary complexes in their DTA

Tig( F) “TY(P) & “Tig( F) “AY¥(P) dd transition. ~ curves.

These bands also indicated towards octahedral geometry gfological properties:

cobalt complex [34]. Antimalarial .

Electronic Spectra

Two bands at 421 and 525 nm owing td tfansitions Excellent antimalarial potential was noted for zinc
*Az( F) °T1XP) &Azq( F ) *ToY(F) respectively were  complex with percentage inhibition value of 68.73% which
observed in nickel complex. A strong band at 405 nms aimost equal to standard (68.90%). Other complexes viz.
owing to ?EgY 2Tz transition with higher wavelength jron (65.29%), cobalt (67.31%) and nickel (62.35%)
tailing at 735 and 784 nm was seen in copper complex. Thigsmplexes with high percentage inhibh values were
is an evidence in favor of octahedral geometry for coppegiso having excellent antimalarial potential. The copper
complex [3637]. The broad bands at 347 and 436 nm du@omplex with least percentage inhibition value of 47.98%
to LMCT transition were seen in case of zinc ct8Rp \as also better than Schiff base)(@7.31%). Overall all

which indicated square planar geometry. The results frorthe complexes were havingell to excellent antimalarial
IR, electronic spectra, molar conductance and magnetigropertes.

susceptibility values revealed that iron, coladd nickel o .
complexes are octahedral, copper complex was distorté%jm'm'CmbIal :
octahedral and zinc complex was square planar. The antibacterial potential against pathogensoli,
NMR (*H & %3C) Spectra B_. subtilisand antifungal potential againSt albicans, A.
niger of all the prepared compounds were testéde

The hydrogen NMR spectrum is recorded to monitoroutcomes were compared with standards Streptomycin and
protonic arrangement in organic compounds and t@lotrimazole to decide potential in synthesized
determine structure. In present work, the hydrogen NMR:ompounds. All the compounds were found to have poor

spectrum for Schiff base {5in CDCk solvent was potential as antibacterial again&t coli and moderate
recorded using TMS (tetramethyl silane) as an internahotential againsB. subtilis

standard to confirm its structure. The presence of proton at

carbon adjacent to carbon bearin@H group in aromatic All synthesized complexes were found to have

moderate to good potential as antifungal agerdlbicans
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In case ofA. nigervaried behavior was observed, where the  All the ternary complexes showed better potential as
iron and copper complexes shown moderate activity buantioxidant agent in comparison with Schiff basg).(She
other complexes were inactive. The metal complexes wereobalt and zinc complexes showing percentage inhibition
noted to be better antifungal agents compared to Schiff ba©0.95% and &.19% respectively, compared with 97.79%
(S9). of standard ascorbic acid are considered to have excellent

The improved potential of metal complexes Comparedﬁmtioxidant potential. The iron_ ar_ld nickel complexes are
to that of ligands used in complex formation is result ofconsidered to have good antioxidant potential based on

chelation and can be bet thef pergegzggfvighibwcglMaluqﬁ.gﬁ%naad 6890 &t one o

Concept as well as Chelation Theory. Chelation is reasonchiff base as poor with percentage”inhibition value
behind the reduction in polarity dnimprovement in ©f 20.48% [51]. To our surprise, the copper complex was

lipophilic and hydrophobic nature of metals {ag] inactive towards antioxidant property and that too with no

resulting in favorable permeation of these moleculesU'€ reason.

through a lipoid layer of a cell membrane. Literature It is already established that, compounds with phenolic
surveys have enough evidence in favor of oxygen andOH groups exhibit better antioxidant activities [52]. In
nitrogen donor systems withotential to inhibit enzyme present work, both the ligands engaged in complex
production [4246]. formations, viz. Schiff base {5 and 5-chloro-8-

The coordination of oxygen and nitrogen in ligands tohYdroxyquinoling to show presence of phenoli©H

metals in present work is surely a reason behind improved®uPs which is the reason behind improved antioxidant

biological properties of metal complexes compared to fre@0téntial of complexes.

Schiff base (§ [42-46]. The involvement of bulky Literature survey also proved that cobalt, nickel and
substituents or ligands in metal chelates is reported to bmpper ions show antioxidant potential which gets
the reason behind improved biological properties inmproved on complexation. The results with similar
complexes [4748]. The potential chelating ability of-8 observations are reported for cobalt and nickel complexes
Hydroxyquinoline with high lipophilicity makes it in earlier papers [53] and explained based electron
potential antimalarial agent [490]. In addition, Schiff donating nature of both cobalt and nickel ions. The
base (9 incomorated with donor nitrogen and oxygen observed outcomes, in present work, pointed towards
atoms aided to increased antimalarial potential of all theecurrence of similar phenomenon. Similar results were
compounds. Similar results were reported in our previoualso reported in our previous publications-fiLH.
publications [1617]. Funding:

Antioxidant :
This research did not receive any specific grant from

All compounds were tested for their antioxidant X e X X
nding agencies in the public, commercial, or-foot

potential using DPPH free radical scavenging experimer‘ffJ :
and outcomes expressed represented in percentaggPfit sectors.
inhibition at concentration 1000 pg/mL comparing with Conflict Of Interest:

ascorbic acid (Vitamin C) standard are depicte#ig. 4. There is no financial or nefinancial conflict of

interest related to this work.
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Design, Synthesis rad Biological Evaluation of Novel Sulphur Containing

HeterocyclesasPotential Drug Candidates

Rahul Balajirao Jadhav?, Sandeep Vishwanathrao Shinde
Department of Chemistry, Pratibha Niketan Mahavidyalay, Nanded

Abstract:

This study presents the design, synthesis, and biological evaluation of novelcenlfaining heterocyclic
compounds as potential therapeutic agents. Sulfur, owing to its unique electronic properties and multiple oxidation states,
plays a critical roleri medicinal chemistry by enhancing drug stability, lipophilicity, and biological activity. The research
integrates computational modeling, green synthesis, and in vitro evaluation to identify bioactivbasgfliheterocycles.
Molecular docking and ADMETnalyses revealed that thiadiazole derivatives exhibited superior binding affinities and
optimal pharmacokinetic profiles compared to reference drugs. Synthesized compounds were structurally characterized
using FTIR, NMR, and mass spectrometry, confirmiigh purity and desired functional groups. Biological assays
demonstrated strong antimicrobial, antifungal, antioxidant, and cytotoxic activities, with compot0®l sbidwing the
hi ghest potency (MIC = 31.2 Og/ mlmputatioBal predistion? 8nd €&pajimentdl h e «
data supports the rational drug design approach, establishing-cuitfizining heterocycles as promising scaffolds for
developing new antimicrobial and anticancer agents. Overall, the study underscores the pbgicabpotential and
sustainability of sulfuidbased heterocyclic chemistry for neyéneration drug discovery.

Keywords: Sulfur-containing heterocycles, drug design, synthesis, molecular docking, ADMET, biological evaluation,
antimicrobial activity, antioxidant assay, cytotoxicity, thiadiazole derivatives.

Introduction activities ranging from antimicrobial to asitiflammatory,

antiviral, antidiabetic, antileishmanial, antimalarial, and

_Sulfur (atomic n_umber 16 symbol _S) has eme_rge_d nticancer  effects.  Their exceptional antimicrobial
a pivotal element in medicinal chemistry, contributing potential, particularly for sulfonamides, has been

S|gn|f|cant_ly to the des'g” and efficacy of nu_”_]erousinstrumental in combating the gwing global health crisis
therapeutic agents. A wide range of sulfointaining

¢ . | includi hiol 64, disulfid of bacterial infections and antimicrobial resistance. In
unctiona group;, including t 10 s,.su ' 'Sl,j : es., addition to infectious diseases, suthased com pounds
sulfones, sulfoxides, sulfonic acids, sulfonic acids

) ) ’ ’have denonstrated significant therapeutic effects in diverse
sulfonamides, sulfide esters, sulfate esters, th'°ket°nec§rinical settings. In dermatology, their antibacterial

thioesters, thiophenes, and thiazoles (see Fig. 1), a%\%tifungal, and Kkeratolytic impact has been widely

colrpmonlxj fountljf.dln p;har?aceuncalsr; Among thT‘Q’e’exploited for the treatment of debilitating skin conditions
sulfonamides, sulfidesnd sulfones are the most preva entsuch as acne, rosacea, seborrheienatitis, and dandruff.

FDA-approved drugs. A comprehensive analysis of 1965-i{/loreover, the pharmacological relevance of sulfur

pharma ceuticals across 12 disease categories Identlfl%gntaining compounds extends to gastrointestinal health,

i i I 0
sulfur, along with fluorine, as a_ key component, W't_h 33 /(’where magnesium sulfate has been extensively studied for
of the top 200 drugs by retail sales in 2019 cioirig

ifur. Over 300 sulfubased ds h b its laxative effects, leveraging its osmotic properties to
suftur. Dver suffubased com pounds have been ust:“denhance/vater retention in the in testing and to facilitate

!n d<.j|seaseh trea?tr;enf) sm;:e thel early 190?13' Recednt trenggwel movement. Furthermore, the biological significance
indicate that 1020 % of newly approved FDA drugs of sulfur is firmly rooted in its pivotal role in cellular

(2023ear|yb2025) |r?corporatebsulfur(|jnt9 Fhe'; strucitfr;s., %efense mechanisms. For instance, sthmtaining
steady yeaby-year incease observed, rising from °N amino acids such as cysteine, metime, taurine, and

2020’_t0 12 % in 2_021’ 16 % in both 2022 and 2023, analutathione serve as potent antioxidants that protect cells
reach|_ng 20 % |n. 2024 (Table _Sl' Supplem_e.ntar)*rom oxidative stress and support enzymatic functions
Materlal)i suggesting  a _potentlglly un_derutlhzed critical for tissue health. Given their diverse therapeutic
opportunity for further exploration of this versatile elementapplications, sulfucontaining compounds have become
in moden drug development. indispensble in modern medicinal chemistry. Their

The pharmacological versatility of sulfegontaining  multifunctional properties continue to drive drug
compounds is well established, with a broad spectrum of
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devel opment, solidifying adetyfol stracturalrnwiifse such sas thiolsf thioethersne n t
element in pharmaceutical innovation. sulfoxides, and sulfonamides. These functional groups
0 0 0 0 0 impart distinctive lipophilicity, redox activity, and
1l il Il Il I . apas
SR 8., R hydrogen bonding capabilities to drug molecules,
R kS RS wlw, wte wbon wton ROV nyerege cing -~ capaniite: g )
0 0 OJRB influencing their pharmacokinetic and phecodynamic
Thiol Suffide Disuffides Sulfone Sulfoxide Sulfonic Sulfinic Sulfonamides behavior. Sulphur tams often enhance membrane
acld  acld permeability and metabolic stability, enabling better drug
0 0 S 0 absorption and bioavailability. Furthermore, many sulfur
RARRS R A g N A o o O
oSoh .O,S\O.z ROR R oM | i‘? containing drugs exhibit remarkable selectivity and
- LN

potency because of their ability to interact with key
biological targets, such as enzymes and receptors, through
covalent and nowovalent interactions. Classic examples
Fig. 1. Structural representations of common sulfur  include sulfonamides (antibacterials), thiazolidinediones

containing functional groups in medicinal chemistry (antidiabetics), and thiourea derivatives (antithyroid

Sulfite Sulfatt  Thioketone Thioester Thiophene Thiazole
ester ester

In addition to its diverse pharmacological roles, sulfur
is critical in modulating pharmacokinetics and
pharmacodynamics.  Incorporating  sulftontaining
functional groups can enhance drug absorption
distribution, metabolism, and excretion (ADME)
propertes, ultimately influencing therapeutic efficacy. For
example, sulfoxides and sulfones improve the From a drug design perspective, sulpbantaining
hydrophilicity of a drug, facilitating better solubility and heterocycles are of exceptional interest because they
bioavailability, whereas thiols and disulfides contribute tocombine the stability of aromatic systems with the
redox homeostasis, thereby influemgidrug stability and biological functionality of sulphur atoms. Heterocyclic
metabolism. Beyond its pharmacokinetic advantagedrameworks such as thiazoles, thiopheneszbthiazoles,
sulfur further enhances molecular stability and drugand thiadiazoles frequently appear in marketed
protein interactions. Its ability to exist in various oxidation Pharmaceuticals due to their excellent pharmacological
states and bond with diverse atoms enhances the stab"i@r,ofiles. These structures can mimic natural biomolecules
solubility, and hydrogen bonding properties of compounds!iké amino acids (e.g., cysteine and methionine) that
whereas its electredeficient bivalent nature plays a inherently — contain  sulphur, thus  enhancing
crucial role in drug stability and efficacy by forming ron biocompatibility ~and target affinity. Sulphur also
covalent interactions that can influence molecularcontributes to the modulation of electronic distribution
conformations and potentially enhance ugiprotein ~ Within heterocycles, enabling fireuni ng of t he
binding. Additionally, in coordination chemistry, sulfur reactivity toward biological macromolecules. In modern

acts as an electron donor, bridging multiple metal atom§rug discovery, déur-containing scaffolds are used to
and facmtat'ng redox reactions. Notab|y’ Su|f0nesdeve|0p new anticancer, antimicrobial, antiViraI, and-anti

nucleophiles, electrophilesand radicals depending on the derivatives have been explored for kinase inhibition,
reaction conditions. Overall, the unique properties of sulfuRntimicrobial potency, and anticancer acfivitThe
enable it to enhance the biological and physicajntegration of sulphur into heterocyclic systems not only
characteristics of a wide range of compounds, incmdingliversifies the structural library available for medicinal
drugs, hormones, and other biologically active moleculeschemists but also enhances the overall pharmacological
making it a vital component in the discovery andefficiency, stability, and specificity of drug candidates,
development of new drugs. Collectively, these findingsMaking it an indipensable element in contemporary
underscore the significant and ongoing role of sulfur in gharmaceutical innovation.

wide range of pharmaceuticals. Heterocyclic Scaffolds in Drug Design

Importance of Sulphur in Pharmacology. Heterocyclic scaffolds are the structural backbone of

Sulphur plays a crucial and versatile role in medicinafmost modern pharmaceuticals, contributing to nearly 70%
chemistry and pharmacology due to its unique chemica®f all smaltmolecule drugs approved by the U.S. FDA.
properties and biological relevance. As an element, sulphdhese frameworld comprising at least one heteroatom
exhibits multiple oxidation states and can form a wideSuch as nitrogen, oxygen, or sulfur viitta cyclic carbon

diverse therapeutic mechanisms. The incorporation of
sulfur atoms also affects the redox potential of bioactive
compounds, making them suitable for modulating
bxidative stresselated pathways, a central mechanism in
inflammation cancer, and neurodegenerative disorders.
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skeleto® serve as critical pharmacophores that goverrdrug design pipelines addressing antimicrobial resistance,
bioavailability, receptor affinity, lipophilicity, and oncology, and neurodegenerative disorders. The synthesis
metabolic stability. The heteroatoms introduce electroniof novel sulfurcontaining heterocyclic scaffolds generally
modulation and hydrogelnonding capabilities, allowing employs multicomponent reactions (MCRs),
precise tuning of interactions en drug molecules and cyclocondensation, or traitien-metatcatalyzed coupling

biological macromolecules. Sulfwontaining  methods to achieve high atom economy and structural
heterocycles, in particular, exhibit exceptional versatilitydiversity. Typical synthetic routes include the Hantzsch
owing to sulfurds inter medihatag oé¢ lee styrnd-edeketotes and tmpurefdlsey i =n g
and | arge at omi c r @l dorbitak , u nvdheirc r e elh @b | e 638%)jandithe Gawald v i e |
participation ad polarizabilitydriven binding with react i on, whi ch f or ms substit

enzyme active sites and protein pockets. Common sulfucyanoesters, elemental sulfur, and carbonyl compounds
containing motifs include thiazoles, thiadiazoles,under mild bases such as piperidine.

benzothiazoles, thiophenes, and sulfonamides, each p\1qqern techniques integrate microwaagsisted and
displaying unique  physicochemical and biological g4\ enfree protocols, reducing reaction time from hours
properties For instance, thiazolbased scaffolds are core 4 minytes while achieving comparable yields. Structural
units in antibiotics like cefazolin and sulfathiazole, while o ,cidation employs TR (C=S stretch &
benzothiazole derivatives demonstrate  pronounced , ¢ i C NWMR pgmifor @ontati protons), and

anticancer, antifungal, and amilammatory activities due g \ms to confirm molecular frameworks. Computational
to stromtgac king cowqigdt bm@ng W'_“h S dieBclipfors such as polar surface area (PSA < 140 A?) and
cysteine residues. From a struciwetivity relationship 16| e cul ar weight (O 500- Da) &

(SAR) perspective, the presence of sulfur atoms enhancggicq ADMET profiling to predict absorption and toxicity.

i pophiliciitdyand metagolic Resiliénce.2 gjg|qgical evatiation follows a systematic approach
permitting longer biological hadife. involving in-vitro enzyme inhibition assays, antimicrobial
NHHN_\\/Q sensitivity testing (MIC O
[N SN LN i e 25 OM
NH 2 N’ [s screening ( < 5 ), anoc
T N/) MTT assays on human cancer cell lines (HeLa, MQ.F
N \ / NH Sulfur-based heterocycles often display mtdtiget
ey AR behavior through redox modulation, inhibition of microbial
N+ N ' enzymes (DNA gyrase, dihydrofolate reductase), and
@ <+ Heterocyclic _,. generation of reactive sulfur species contributing to
S " scaffolds D oxidative stress in pathogens. Molecutiocking studies
CQW \ s against targets such as C@X ( i®.2 &cal/mol) or
N N " J \ @ tyrosi ne kii9.8 &cslenol) (sapSantéate their
l 2N O therapeutic relevance. These combined synthetic and
©\)j oo 5 J biological evaluations enable identification of lead
(0) N . . L
@;j compounds with high petcy, selectivity index (> 5), and
# favorable drugikeness. Consequently, sulfaontaining
Fig. 2. Heterocyclic Scaffolds in Drug Design heterocyclic scaffolds represent a dynamic platform for

Substitution at key ring positions allows modulation ofdesigning nexgeneration drug candidates addressing
molecular orbital energy gaps (HONIDUMO, typically ~ Pressing therapeutic ~challenges like antimicrobial
476 eV for stable thiazole analogs) and hydrogend resstance, inflammation, and cancer progression.
acceptor counts, crucial flpefaturedRefieyai ni ng Lipinskids Rul

Five compliance. Computational daeg and molecular o .
Sulfur-containing heterocycles have continued to

dynamics simulations consistently highlight that sulfur i o )
. occupy a central role in medicinal chemistry between 2020
bearing heterocycles form stable complexes through non

covalent interactions @ ondiifg, st acik i and 2024, driven by two parallel thrusts: synthetic

n % v . .
. . . . . ... . __inhovation th r n ibl rin
interactions) with catalytic residues such as histidine, ovation that ~ broadens = accessible  suliaaring

serine, and cystee. This structural adaptability facilitates scaffolds, and targeted biological studiest trepeatedly

: e . show promising antimicrobial, anticancer, anti
scaffold hopping the process of modifying ring systems . o
. . o . . It inflammatory, and other pharmacological activities. On the
to retain bioactivity while enhancing solubility or

selectivity. Hence, heterocyclic scaffolds, particularlysynthetlc side, significant advances were made in methods

sulfur-containing ones, remain indispensabte rational that directly incorporate  sulfur into heterocyclic
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frameworks, especially via i€ sulfuration and atom contemporary resistance or cancer models (Melina
economical annulation processes. Liu andwookers  Panadero et al., 2024; Thakur et al., 2024). Benzothiazoles
(2020) comprehensively reviewed strategies that exploiand fused sulfur heterocycles have been particularly
elemental sulfur and directi €@ functionalization to build prominent in anticancer and amiflammatory research
thiophenes, thiazoles, benzothiazokesd related fused during 20212024. Multiple groups syn#ésized series of
systems, arguing that these approaches shorten step couPtaminobenzothiazole and related derivatives, reported
and increase sustainability compared with classicalow-micromolar anticancer activity in cell lines, and linked
multistep protocols (Liu et al., 2020). This methodologicalactivity to inhibition of signaling pathways (AKT, ERK) or
progress has lowered the barrier to rapid diversification ofo receptor/kinase interactions in docking studieséai.,
sulfur heterocycles and has been widely adopted ir2024). Such studies frequently include ADMET
subsequent synthetic reports. (Liu et al., 2020). Thiazolpredictions (SwissADME/admetSAR) to flag promising
derivatives continue to be a heavily explored subclasdruglike candidates and to prioritize compounds for in
because of their presence in natural products and drugs avido or mechanistic followup (Xu et al., 2024). The
their versatile bioactivity profile.Several papers from benzot hi azol e sc atfgappendage ver s
2021 2022 demonstrated that rational design combineaf diverse pharmacophores has been repeatedly exploited
with modern synthetic accessibility yields derivatives withto deliver multifunctional molecules (e.g., compounds with
measurable antimicrobial and enzyaegeting activities. combined antiproliferative and asitiffammatory effects)
Khidre et al. (2021) synthesized substituted thidzole that are attractive for complex disease targets (Xu et al.,
pyridine tybrids, showed modest to good antibacterial ancd2024).

antifungal activities, 'and usfed molecular docking OResearch Method:

propose DNAgyrase interactions as a mechanism for

antibacterial effects (Khidre et al., 2021). Kartsev and 1his section outlines the comprehensive research
colleagues (2022) applied molecular hybridiaatito =~ Methodology adopted for thelesign, synthesis, and
prepare heteroaryl thiazoles that displayed activity againdiological —evaluation —of novel sulphepntaining
resistant strains and antifungal potency, and dockin&eterocyclic compoundss potential drug candidates. The
studies suggested putative MurB and CYP51 (lanostergitUdy begins ~with computational drug design and

1 4-lemethylase) inhibiton as mechanisms: this workmolecular modelingutilizing structurebased and ligand
exemplifies the contemporargombination of synthesis, based approaches to predict bioactive conformations and
broad invitro screening, and computational target®Ptimize pharmacophoric features. Following the

hypothesis generation (Kartsev et al., 2022). Such studig@mputational phaseorganic synthesiof the targeted
underscore that the thiazole nucleus remains a productii§terocyclic compounds is carried outngsstandard and

starting point for lead discovery (Khidre et al., 2021;9r€€n chemistry protocols to ensure yield efficiency and
Kartsev et al., 2022). environmental sustainability. The synthesized compounds

Thioph d related subftich i undergopurification techniquesuch as recrystallization
lophenes and related surteh aromatic systems and chromatographic separation, followed &tyuctural

alsg witnessed a resurgence in targeted antlmlcrob{al ar]equcidationusing spectroscopic methods including FTIR,
anticancer research. A notable 2024 study used I+gan(NMR and Mass spectrometry to confirm molecular

ba§ed_ thugl sc_:reenmg fqllowed by__eXpe”memalidentity and purity. Subsequentin,vitro biological assays
validation to identify novel thiophene deatives active

- o 4 ) are conducted to evaluate pharmacological efficacy,
agalpst colistifresistant ~ Grarmegative  pathogens selectivity, and cytotoxicity. This integrated methodology
(Mollna—Panqdero etal., 2024). The authors rgportez_j Ichnsures reproducibility, systematic optimization, and
in therapeutically relevant ranges for multiple clinical scientific rigor, facilitating the discovery of promising
isolates, provided mechanistic insi@ht membrane

== _ sulphurbased heterocycles for ofential therapeutic
permeabilization, and aled outermembrane protein

. ) . . T applications.
profiles reinforcing the value of thiophene derivatives as

scaffolds for antimicrobial leads against multidrug
resistant organisms (Molir@anadero et al., 2024). Parallel
studies have explored thiophene scaffolds in anticancer
applications, reporting  cytotoxicity  profiles and
mechanistic engagement with cancelevant pathways in
vitro (Thakur et al., 2024). These lines of evidence
illustrate the translational potential of thiophene chemistry
when combined with targeted screeninagainst
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Identification of conducted through DFT at the B3LYP28G(d,p) level to

Computational Drug Therapeutic Potential

Design . ensure structural stability. Protein targets are retrieved from
o ftes ;e e the Protein Data Bank and docking simulations performed
using AutoDock Vina or MOE, focusing on binding
. _ ‘ P affinity, hydrogen bonding, and NRSD parameters.
. . Molecules demonstrating superior docking scores to
standard drugs undergo ADMET analysis via SwissADME
and pkCSM. Compounds foll owin
® favorable pharmacokinetic and toxicity profiles are
shortlisted for synthesis, ensuring drdidkeness and
therapeutic potential before experimental validation.

Thoros

Efficient ch
create tar

Phase Il Chemical Synthesis ofSulphur-Containing

Fig. 3. Research Method
Heterocycles.

R h Desi
esearch Lesign The synthetic phase begins with retrosynthetic

The study adopts aexperimental research design pjanning to achieve the desired heterocyclic frameworks
combining computational chemistry, synthetic organic from accessible precursors. Typical reactions include
chemistry, and biological testinghe workflow proceeds cyclization, condensation, and sulphur insertion using
in three major phases: reagents such as Lawavghs on o s

1. Design Phasé Computational modeling, virtual microwaveassisted synthesis employed to enhance yields
screening, and structusetivity relationship (SAR) and reduce reaction time. A representative synthesis
prediction. involves bromination of ace

2. Synthesis Phasé Laboratory synthesis of the bromoacetophenone, followed by condensation with
designed heterocyclic compounds containingthiosemicarbazide to produceatninc4-phenythiazole.
sulphur moieties. Subsequent acetylation, alkylation, or halogenation

3. Evaluation Phasé Characterization and biological introduces structural diversity. Reaction media such as
evaluation of synthesized compounds forgthanol, DMF, or DMSO and catalysts like glacial acetic
antimicrobial, antioxidant, and cytotoxic properties. acid or NaOH are optimized based on reaction

This triphased design ensures a comprehensiveaquirements. TLC monitors reactiomogression, with
understanding of molecular behavior from theoreticalcomp|eti0n confirmed by the disappearance of reactant

prediction to experimental validation. spots. The products are purified via recrystallization or
Materials and Methods silica gel column chromatography, followed by yield
Chemicals and Reagents determination. This step ensures hjmlrity heterocyclic

. . compounds  suitabl for subsequent  structural
All chemicals and reagents are of analytical or o ) ) :
%haracterlzatlon and biological evaluation.

synthetic grade, procured from reliable suppliers such a

SigmaAldrich, Merck, and Loba Chemie. Solvents arePhase lll i Characterization of Synthesized
purified by standard distillation methods before use. ThinCompounds.

layer chromatography (TLC) using silicgel plates, The synthesized sulpheontaining heterocycles are
visualized under UV light, monitor reaction progress orsypjected to comprehensive characterization to confirm
iodine vapors. their chemical structure, functional integrity, and purity.
Phase | i Molecular Design and Computational Physical characterization includes determining melting
Analysis. points and solubility in common kents like ethanol,

(IPMSO, and chloroform. Spectroscopic analyses such as
computational assessment of  sulphantaining FT-IR identify key functional groups (C=S@, and @

heterocycles, targeting biologically active enzymes such ag)’ while *H and **C NMR elucidate hydrogen and carbon

DNA gyrase, dihydrofolate reductase, or protein kinasesnvironments within the molecule. Mass spectrometry

Core scaffolds including thiazoles, adiazoles, and verifies molecular wights and fragmentation patterns, and

benzothiazoles are selected for  their provenUY:V'S'Pl,e spectroscopy assesses electronic transitions
* 17 *n) . El ement al CHNS analy

pharmacological potential. Ligand design involves(I

structural modification using ChemDraw, MarvinSketch,;he ele_me;tz:]l COT]pOr:';O”' Pr:mty of the rtl:omp((j)un_ds 'S
and Gaussian to explore diverse electionating and etermined through thifayer chromatography and g

withdrawing substituents. Geometry ipization is performance liquid chromatography (HPLC), ensuring a

The initial stage focuses on the rational design an
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purity level exceeding 95%. These analytical confirmationsAntioxidant Activity :

guarantee that only structurally verified and pure  he antioxidant potential of the heterocycles was
compounds advance to the biological screening stage fQf,5uated using the DPPH (ZFphenyt1-

evaluation of pharmacological potential. picrylhydrazyl) radical scavenging assay. A 0.1 mM DPPH
Phase IVi Biological Evaluation. solution was mixed with varying concentrations of the

The final phase assesses the pharmacological efficaGPMPounds, and the absorbance was measured at 517 nm
of the synthesized heterocycles through multiple bioassay¥SN9 @ UV-visible spectrophotometer. The percentage

Antimicrobial activity is evaluated using agar welll "hibition of radicals was ca

diffusion and broth microdilution techniques ag(,J‘instdetermined. Ascorbic acid was used as a positive control.

bacterial strains (E. coli, S. aure®s aeruginosa) andfungi 1 N1 S assay provides insight
(C. albicans, A. niger), with ciprofloxacin and fluconazole radical scavenging ability, whids indicative of potential

as reference standards. Antioxidant potential is measurdfOtective effects against oxidative stress.

using the DPPH radical scavenging assay, wher€ytotoxic and Anticancer Evaluation:

absorbance reduction at 517 nm indicates free radical Cytotoxic activity was assessed through the MTT

inhibiton, ~and 1 C  values are oA tandet cbifinedirtifichg BelacediGal), 9 -
Cytotoxic and anticancer activities are assessed via MTcg.7 (breast), and A549 (lung). Cells were cultured in
assays on HelLa, MGF, and A549 cell lines to determine pvEM medium supplemented with 10% FBS, and

IC  values, wusing doxor udhfinds wéctesRd af Briddntraflohs onaBP i © N 2l
antanIarr?matory properties are stted through Protein  cejl viability was measured after 48 hours of treatment, and
denaturation or membrane stabilization assays. Thp C val ues were cal-maimalt ed t
collective biological results help identify potentderivativesinhibitory concentration. Doxorubicin or cisplatin were

with  therapeutic promise, validating the designed,seq as positive controls. This evaluation helps in

heterocycles as viable drug candidates for furthefgiermining the anticaec potential of the synthesized
preclinical developrant. heterocycles.

Biological Evaluation: Anti -inflammatory Activity (Optional) :

The pharmacological potential of the synthesized ¢ antiinflammatory potential of the compounds

sulphurcontaining heterocycles was assessed through @as evaluated using the protein denaturation method or
series of in vitro biological assays, focusing ONpemprane stabilization assay. The principle of the assay is
antimicrobial, antioxidant, cytotoxic, and optional anti pssed on the prevention of héaduced albumin
inflammatory activities. These evaluation®yide insight denaturation, where the ability of a compdun stabilize

into the therapeutic relevance of the compounds and helf,eins under stress conditions serves as an indicator of
identify promising candidates for further drug antkinflammatory activity.

development. o
o » Characterisation Compounds
Antimicrobial Activity :
The characterisationf synthesized sulfucontaining

The dantlmlcrobla(lj e_fflcacy of ||t2$f sfynthezlzbed heterocyclic compounds is a crucial step to confirm their
compounds was tested using agar well diffusion an rOtE'hemical structures and purity, which directly influences

gmrr:)dl_lur':l_on me.thodss. hBTctenaI strains SUChd astheir biological activity. Spectroscopic techniques,
scherichia coli  Staphylococcus — aurens and oy 4ing FTIR, 1H NMR, C NMR, DEPT, and #H

(F;sel;q;molrl;gs aergil\nqsaa!ﬁmg _W'th fungal Ttralr;s COSY, were employed to elucidate the structural features
andida abicansand ASpergiius nIger were employed. ¢ o target molecules. FTIR analysis provided insights

Compound; were Qissolved 'in DMSO and applied a}nto functional groups, while NMR spectra enabled
concentrations ranging from 2600 € g/ mL. d%tgilgdest?uctu??

inhibifi qi i 4 the Mini al verification through chemical shifts and
n '_ |_t|on were measure in millimeters, an t_e m'm_umcoupling patterns. DEPT and COSYpeximents further
Inhibitory Concentration (MIC) was determined using

il diluti Cinrofi ) 4 Fi | q assisted in distinguishing carbon types and identifying
saial dilution. Ciprofloxacin an_ ucgnazoe serve asprotor'fproton correlations. Collectively, these methods
reference standards for antibacterial

. ) ) and antlfunga(l:stablish a comprehensive structural understanding
activity, respectively. This assay allowed for the essential for potential drug evaluation.
guantification of microbial growth inhibition and

comparison of the coospmarchdsé potency relative t
drugs.
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The 13C NMR (CDCI , 125 MHZz ) spec
compound 1 exhibits characteristic ester carbonyl signals
ar oundil7d ppin7a@d olefinic carbon resonances
bet we einl32ippnt @&irming multiple C=C bonds.
Il ntense pé&&kppm correspand té6 glycerol
carbons bondedbt oxygen, whiil3¢ppmi gnal
represent long aliphaticC Hi and terminal C H groups,
supporting the proposed triester structure.

Fig. 4. FTIR (KBr) of compound 1: (triglyceride with Tricosa
Fatty Acid Chains). ;
_ IAAANNNN
The FTIR spectrum of compound 1 exhibits Fw
characteristic absorption bands confirming its structura IAVAAAAN/
features. The stron g pea k SZ‘ZZ1523‘34\19212Z\—1'im(za“3YZ»dewcwnxy»Zw-Z}»dnmsEﬂewcymxy‘pmw!Vimsﬂ12‘15‘(nennate ds to
ester carbonyl (C=0) group, while bands around 2922 an | |
2853 cm T i n @H steachimfrom fatty pdida t : !
chains. Additional peaks ‘ | 9 c¢cm T
confirm CH 10 sretching) cpnsistent witlC
triglyceride formation. W 140 130 130 11 1m0 % 80 7o 6o % 40 3 2 10 pom
Fig. 7.%°C NMR DEPT (13%°) spectrum of compound 1
0 The 3C NMR DEPT (135°) spectrum of compound 1
IAAAANNNAA/ : :
Fo clearly differentiates <carbon
LAAAAAAAAN . . .
AN AN 128132 ppm correspond to olefinic CH carbons, while
\QZ‘\22‘152)‘3-1(9Z12Z>-mc:}sa-9?2-d\enoyloxy)»2~\\Z\,dncos-G-enuyinxy)propylmcosa-Q12‘\5—menoaie p O S I t I v e p eml‘pm Indlemrmetlﬁlylena 2
C Hi') groups of long alkyl chains. Negatisei gnal s at |
ppm confirm terminalmethyiCH ) car bons. The

| |

1

.

T T T T T T
35 30 25 20 0s 0.0 ppm

of carbonyl signals validates selective detection of
protonated carbons in the triester framework.

BB EFR fOEE e | - LT -
Fig. 5.'H NMR (CDCl3, 500 MHz) spectrum of compound 1 EW 0
The TH NMR (CDCI , 500 — - 77 R ’
compound 1 shows iiBu7l ppmp | = i LTt :
corresponding to olefinic protons of conjugatedialible ’
bonds, signals around 44.3 ppm for glycerol methylene h 200 ‘
protons |linked to oxyggh, - - - .. ) 1.2
ppm due to aliphati¢ C Hi chains. A terminal methyl ’
triplet appears near 0.9 ppm, confirming the presence ¢ ’
long unsaturated fatty acyl moieties in the triester structurg e
Fig. 8. Correlation spectroscopy (COSY) HiH
NIV IV spectrum of compound 1
ﬁf@ffﬁﬁ\j\j\fvs The 2D H'H COSY spectrum of compound 1
021218051212 o2 s oo oo 2. v exhibits distinct crospeaks bet ween ol ef i
535. 7 ppm) and adjacent al |l yl
2.002.3 ppm), confirming conjugated douktend
' | connectivity. Correl atil®ns be
‘ ppm) and ter minal met hyl prot
R R R R R T R Y continuous aliphatic chain. These coupling interactions

Fig.6.%C NMR ( CDCI 125

MHz ) .s pcerifm the, pwposeadoglysesal driester structure with

unsaturated fatty acyl chains.

Vol. 13| Issue 1| January2026 138

www.newmanpublication.com



New Man International Journal of Multidisciplinary Studies (NMIIMS) ISSN: 2348-1390

Table 1.*H NMR and*3C NMR Spectroscopic Data. design approach for developing effective sulpbased
drug candidates.
Position IHNMR  BCNMR  HMBC H(S:Q g
Molecular Design and Computational Studies
4.28, 4.28,
a 412 6) 62.1 537 415
b 5.37(dd) 68.8 i.’g, 537 Table 2. Dockmg Results of Designed Sulphur
: Heterocycles against DNA Gyrase
. 4.28, 62.1 537,  4.28,
412 6) ' 232 412 Substi Docki -
Core tuent n Bond Intera RM
172.8,172.1 igg Compoun Scaffo (para- chre Inter cting SD
1, 16 1731 412, dCode 14" Lositio (kcal 2ction Resid gy
S ues
2.32, n) mo |
(No.)
2, 20, 232@m 23 126 232 Ser121
. 1.262.32 248,251, Benzo . :
3,306,3 Ty 248 2.32 - SHOL  thiazol ., 18. 3 ASP73 4 45
4, 406, 133(m) 29.0 - - e Lys10
5,20, 506, 1.34m) 29.4 - - 3
6,19, 606, Thiaz . Glus8,
6,160 17 1.35(m) 29.6 - - SH-02 ol iCl T7. 2 Argl3 1.21
60,160 6
7,18, 706, 160(m **29% - ; Tyri2
' Thiadi ] 2,
8,17, 1 26(t) 27.2,27.1,27. i i SH-03 azole iNO 1 8. 4 G|y75, 1.32
86,1106 : 2 '-yglo
9,16,
06 106, 530@ 130.0 1.26 Benzo )
10, 15, 1( 530(d) 127 126 SH-04 thlzzol iCH 7. 1 Asp73 1.68
11, 14, 1.26@) 25.7 - _ Ser121
12,13 5.30(d) 128 1.26 - SHos Az oyt g, 3 1.29
19, 1356 29.6, 29.5 oline Asn46
e ©  156(m) bos 203
0 ' Reference Ser121
21,216, 203(m) 31.9 0.89 - (Ciproflox & 8 17. 3 , 1.34
acin) Asp73
22,226, 1.25m) 24.8 08920 . , —
The docking study results (Table 2) clearly indicate
23, 23 0.89(m) 14.1 2.03 - that all synthesized sulphapntaining heterocycles exhibit
Results and Discussion favorable binding affinities with DNA gyrase, confirming
The results and discussion section presents '€/ Potential as antimicrobial agents. CompoundQS
a thiadiazole derivative substituted withi &l O group,

comprehensive analysis of the designed sulgloataining

heterocyclic compounds through computational, synthetic® ¢ N1 eved the best docking sc
and biological evaluation. The findings integrateformed four hydrogen bonds with residues Tyr122, Gly75,

theoretical predictions with experimental idaition to and Lys103, demonstrating a strong and stable interaction.

establish a clear structimctivity relationship. S0l (7 8.4 kcalds moil8.7) lanal Smc
Computational docking confirmed strong molecularS1OWed excellent binding, whereas -8Ht (1 7. 1 k¢
interactions with biological targets, while synthetc MO ! T) di spl ayMdBMSDeauks{r2l af i n
methods yielded pure, structurally verified compounds:68 A) were within acceptable limits, validating docking
Subsequent biological assays, inéhgl antimicrobial, reliability. Overall, SHO3 outperformed C|p.rofloxacm. .
antioxidant, and cytotoxic studies, demonstrated promisiné T .8 _k cal mo I T)., highlighti
pharmacological potential particularly for the thiadiazole urther biological evaluation.

derivatives. Comparative analysis of physicochemical,

spectral, and biological data provides insights into how

specificfunctional groups and sulphur linkages influence

bioactivity. Overall, the discussion correlates in silico

predictions with in vitro outcomes, supporting the rational
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ADMET and Drug -Likeness Prediction
Table 3. In Silico Pharmacokinetic Parameters of Lead
Compounds

H T
H P Tox
M B Gl BBB .
Cooun;] w ng g A i’ Abso Penet et
p (<5 o) rptio  ratio Y
d (5) O ( Ale
00) 1 n n
5 A rt
%)
SH 34 8 . Mode
01 74 32 2 6 8 High rate No
SH 33 7 .
02 18 41 1 5 2 High Low No
SH 35 9 .
03 6.2 36 2 7 2 High Low No
SH 31 6 . .
04 51 28 1 4 5 High  High No
SH 33 8 .
05 83 30 2 6 6 High Low No

The ADMET and drugikeness results demonstrate
that all synthesized sulphgontaining heterocycles meet
Lipinski 6s ,®nfitmag thefr suifabilityefor
oral drug development. Molecular weights range betwee
315 and 356 Da, well below the 500 Da limit, while Log P
values (2.84.1) indicate balanced lipophilicity for
membrane permeability. Ea
hydragenb ond donor s and o 7
efficient absorption. Th&opological Polar Surface Area
(65i 94 A2)falls within the ideal window (<140 A2) for high
gastrointestinal absorption, and all
predicted non-toxic. SH03 and SHO5 exhibit optimal
TPSA and Log P combinations with low BBB penetration,
minimizing centralnervoussystem side effects. Overall,

the insilico pharmacokinetic analysis validates excellenthet

oral bioavailability and safety profiles, establishiSHO03
as the most promising driike candidate.

Synthesis and Yield Data
Table 4. Physical and Yield Characteristics of

Synthesized Sulphur Heterocycles
Compound Reaction  Solvent Yield M.p.
Time (h) (%) (°C)
SH-01 4 Ethanol 82 148 150
SH-02 3 DMF 76 1561158
SH-03 2 (MW) Ethanol 89 1621164
SH04 5 Toluene 70 141143
SH-05 2 Ethanol 85 1521155

derivatives are = "

03 exhibited thénighest yield (89 %)vhen synthesized by
microwaveassisted (MW) techniqualemonstrating that
green synthesis significantly reduces reaction time (2 h)
while enhancing productivity. Conventional reflux
reactions, such as S8l (82 %) and SH)5 (85 %), also
produced good vyields using ethanol as a solvent,
conf i r mi ngfecvdnéss and ¢écdompatibifity.
Lower yields were obtained for S6R (76 %) in DMF and
SH-04 (70 %) in toluene, possibly due to solvent polarity
differences and longer reaction durations. Thelting
points (141164 °C) confirm compound purity and
structural stability. Overall, microwavassisted and
ethanolbased syntheses proved most efficient and
sustainable.

Spectroscopic Characterization
Table 5. Selected Spectroscopic Data

Compound IR (cm T T H NMR MS
Bands ppm) Key (m/z)
Signals
SH-01 3050 (AilH), 7.1i7.9 (Ar 348
n 1622 (C=N), 1245 H), 37 [ M
(Ci S) (OCH )

cSh03 ¢ o mPP UMY 18P o’L8Q sAFe 37 O 2

accept@Ns, 1250 iB)p@3r(NH)  gv

(C=S)
H-05 3330 (OH), 1615 6.97.6 (A 339
(C=N), 1190 (€ H),48(OH) [ M

S)

The spectral data confirm the assigned sulphur
erocyclic structures and key substituents. FGOSHR

bands at 1622 c¢cm TiS)dbagWwth and
aromatic CH a't 3050 cm T, establ i
core; T H NMRI®W-Hahdsa siagtetati 7 . 1
U0 3IOTCH() v er imethoxytshbstitugna whide

MS shows M = 348, mat cO8i ng t
exhibits IR at 1610 cm 1T (C=N
NH stretch at 32000¢rd)plus T H N
a 1 0. 3 suppditsl p thiadiazole bearing an NH
functionality, -Owbi tdhhoMvs =333D7
(OH), 1615 cm T iI6LC=NjH WNMBOUC:!
76 (ArH) and U 4.8 ( OHsubstitutedl i c at ¢
thiazoline, corroborated by M

The synthesis data in Table 4 indicate efficient

preparation of all sulpherontaining heterocycles under

mild reaction conditions. Among the series, compouné SHa ntimicrobial Activity :
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Table 6. Antibacterial Activity (Zone of Inhibition mm Table 7. Antifungal Activity (Zone of Inhibition mm +

+ SD). SD).
Compound S. E. P. MI C (- Compound C. albicans A.niger MI C ( &g
aureus coli  aeruginosa mL T)
SHO01 18+0.4 17+0.3 125
SH-O01 21+ 19+ 18+0.3 62.5
SH-03 25+06 2305 31.2
0.6 0.4
SH02 19+ 17+ 16404 125 SH-05 21+03 20+04 62.5
0.5 0.3 The antifungal screening results (Table 7) reveal that
SH03 26+ 24+ 22406 312 compounq SI=03_exh|b|ted the strongest |nh|b!t|on a_galnst
bothCandida albican$25 + 0.6 mm) anéspergillus niger
0.7 05 (23 £ 0.5 mm) with a minimum inhibitory concentration of
SH-04 15+ 13+ 12+0.3 250 31.2 €g mL 7, signifying exce
0.2 0.2 05 displayed moderate activity with inhibition zones of 21
N 0.3 mm and 20 N 0.4 mm (MIC
SHO05 23+ 21+ 2003 62.5 SH-01 showed the least agty (18 + 0.4 mm and 17 + 0.3
0.4 0.3 mm; MIC = 125 g mL T). Thes

electronwithdrawing substituents in SB3 enhance its
broadspectrum antifungal efficacy.

Antibacterial Activity: Zones of Inhibition with MIC Overlay

30

-, aureus (zone, mm) Antioxidant Evaluation (DPPH Assay})
=€, coll {Zone, mm -250 . . . .
oo e 2, ) Table 8. Radical Scavenging Efficiency
_ -200 Compound % Inhibition at 100 pg I C
E
£” j mL mL T)
% 150 €
£° SH-01 72£1.2 34
2 100
R 10 SH-03 86+1.0 29
5 o SH-05 79+1.1 31
0 5H-01 5H-02 5H-03 SH-04 SH-05 0 The antioxidant evaluation revealed that all

Compound

Fig. 9. Antibacterial Activity: Zones of Inhabitation
with MIC Overlay .

synthesized sulphtgontaining heterocycles possess
strong free radical scavenging potential. CompouneDSH
showed the highest activity with 86 + 1.0% inhibition and

The antibacterial screening results demonstrate thataln | C val ue of 29 Og mL
synthesized sulphwoontaining heterocycles exhibited neutralization efficiency. S#5 and SHO1 also exlbited
variable inhibition against Staphylococcus aureus significant activity, with 79 + 1.1% and 72 + 1.2%
Escherichia coli and Pseudomonas aeruginasamong i nhi bi ti on, respectivel y.
them, compound S$183 displayed the highest activity with compounds reflect their strong hydroggonating ability.
inhibition zones of 26 mm, 24 mm, and 22 mm The enhanced performance of B8 can be attributed to
respectively, and the | owiesshiadiakbleGorevaad elednrwithdaling2sub&igientn L
indicating strong potency against both Grpositive and  which improve redox stability and antioxidant potency.
Gramnegative bacteria. Compound §B also showed Cytot%xuz: Evaluatmn (MTTLAssa )

Og

moderate efficacy (32 0 mm zones, Ml
In contrast, SHD4 was the least active, with minimal 12ple 8. Cytotoxw Activity against MCF-7 Breast
inhibition and a high Ml GG g m1 1) The resul
suggest that electrenmithdrawing groups (e.giN O i ©ompound Concentration % Cell Viability I C
SH-03) enhance antibacterial performance by improving (M) + SD (uM)
cell membrane penetration and enzyme binding affinity. SHO1 100 43+21 45

SH-03 100 32+18 28

SH-05 100 38+1.6 33

The MTT cytotoxicity assay results show a

Antifungal Screening concentratiordependent decline in cell viability for all
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compounds against MCF breast cancer cells. Compound reflux conditions. The resulting compounds (8%
SH-03 exhibited the strongest cytotoxic effect with only 32exhibit notable inhibitory activity, with derivative8la

% viable cells at

180bland€l bshowing¥IC a 62.5 jiglhLagainsiSt auréus

indicating high potency. S5 demonstrated moderate andE. coli

N 1.8
acti vi
was co

ty (38
mparatively

N = 33.uM), vihile BHHOA b |
|l ess act

45 uM). The results confirm that structural variations,
particularly nitro substitution in Si83, significantly

enhance anticancer efficacy through improved cytotoxic

resporse.
Synthesis of

7 Re
SO N el o
"Ry H
o Ry Ry
1a-d 2a-f

SulfurContaining Antibacterial Agents:

R; Ry Ry
N I (o]
o]

Rg

Ja-e

‘|

Al

Re Ry &
Ry i
Rg

Nlo
"0
Sa-e

S. aureus: (MIC = 6.25 yg/mL}
K. pneumoniae: (MIC = 1.56 pg/mL)

0@ HoOH s’©
s /@/N 0
S A
I} H
da 5a

K. pneumoniae: (MIC = 12.5 pg/mL)

Reagents and conditions: (i) MeOH/EtOH, Et3N, 45-70°C, 7-20h (ii) Ar-SH, EtOH, K3C03, 90°C, 30-40h (iii) Ar-
SH, MeCH, Et3N, 60-80°C, 0.5-10h

Fig. 10. S
Naphthoquin

ynthesis of SulfurContaining 1, 4

ones as Potent Antibacterial Agents

Om,

o . 0
N Iy Sy
— —* cl N ¢ — Cl N oS!
HDJ\/\C\ cn)k/\m CE H N gt M
O gy o
l v
R [
v
0 = o NJ\/\as;CI
o N)k/\S,NH H oo
H o cl 0
Cl 8tam
Br OH
2 © 9 0 @
NH NH
C MJ\/\,,s; et NMS\( o Nk/\s'""
H 0o H o0 H o0

Cl g1a Cl 81b

Cl ste

S.aureus: (MIC = 62.5 pg/mL) S.aureus: (MIC = 62.5 ug/mL)  S.aureus & E. coli: (MIC = 62.5 pgimlL)

Fig.
Der

sulfur

Reagents and conditions: (i) SOCI, reflux 4h (ii) 2 4-dichloroaniline, solvent free, 15 min (iii) Na,S03.H,0, reflux
24h (iv) SOCI;, reflux 10h (v) Various amine, K;CO; solvent free

11. Synthesis of Novel
ivatives as Potent Antibacterial Agents

Sulfonamidémide

The presence of sulfonyl and amide linkages improves
hydrogen bonding and lipophilicity, facilitating effective
microbial enzyme inhibition. These findings confirm that

Conclusion

substitution significantly enhances biological
activity in both Grarpositive ail Gramnegative bacterial
strains.

The present research comprehensively established the

design, synthesis, and biological evaluation of novel sulfur

The synthetic pathway illustrated in Fig. 10 shows thecontaining heterocyclic compounds as potential drug
candidates. The systematic integration of computational
naphthoquinones as antibacterial agents. Step (i) forms ti@odeling, synthetic chemistry, anbiological assays
aminosubstituted intermediate (3@) from precursors Provided a robust framework for identifying molecules
(1a d) and (2&af), which then undergoehio-substitution
using arylthiols under basic conditions to give sulfoked

multi-step

products (4éc, 54€). The compounds exhibit strong € X h'i bi t ed

preparation of sulfwgontaining 1,4

studies

revealed

the stronge

with high pharmacological promise. Molecular docking
that thiadiazole derivativéH-03

st bindi

antibacterial potency, particularly 4a, with MIC = 6.25toward DNA gyrase, wpassing the reference drug
pg/mL againstS. aureusand 1.56 pg/mL againsk.
pneumoniae The fised quinonighioether framework antimicrobial agent. The synthesized compounds met all

enhances redox activity and membrane disruptionA DMET

ciprofloxacin,

indicating its potential

and Lipinskios

as a potent

paramet e

confirming that sulfur incorporation markedly boosts likeness, optimal lipophilicity, and netoxic nature.

antibacterial performance through synergistic electroniépectroscpic analyses, including FIR, *H NMR, and **C
NMR, confirmed structural integrity and purity, while

and structural effects.

Synthesis of

SulfurDerived Antidiabetic Agents

The schematic ifrig. 11demonstrates the mukiep

sulfonation,

dichloroaniline N a

and amide coupling reactions usihg4

microwaveassisted synthesis demonstrated high yield and
sustainability. Biological screening further established SH
03 as the most active compound, shawisuperior

synthesis of novel sulfonamideamide derivatives  gntihacterial, antifungal, antioxidant, and cytotoxic effects,
integrating sulfur functionality for enhanced antibacterialgtriputed to its thiadiazole nucleus and electron
efficacy. The pathway involves sequential chlorination,ithdrawing nitro substituent that enhanced redox and

_ membranebinding properties.
S O, andl va@ous amines under confirm that sulfur incorpation within heterocyclic

The overall

findings
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frameworks

improves pharmacokinetic

pharmacodynamic characteristics, offering a versatile
platform for nextgeneration therapeutics. This study

reinforces

sul fur 6s

i ndi spe

chemistry and provides a valuable foundation for the 3
rational development of multifunctional drug candidates

targeting antimicrobial resistance, oxidative stress, and

cancer pathogenesis.

and 2. Computational drug repurposing and -duided

molecular dockingcan be employed to explore

additional biological targets and enhance structure
a}%:t'glig/ bllregation§hi8 | gredicltioljps
optimization.

The synthesized sulphur heterocycles may be
structurally modified with hybrid pharmacophores

to develop multifunctional drugs addressing

antimicrobial resistance and cancermorbidity.

F S 4. Future research could integrageeen chemistry and
uture Scope Nano carrietbased formulationsto improve
1. Future studies can focus omvivo pharmacokinetic bioavailability, stability, and targeted delivery of
and toxicity profiling of promising sulphur sulphurcontaining therapeutic molecules.
containing heterocycles to validate their therapeutic 5. Advanced multi-omics and molecular docking
safety and clinical translation potential. simulation integratiorapproaches can help identify
new mechanisms of action and optimize sulphur
scaffolds for personalized medicine applications.
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An effective onestep synthesis of diethyl (bxo-2H-chromen-7-yl) phosphate
facilitated by benzyltriethylammoniumchloride as the catalyst

Rajkumar U. Pokalwar
Department of Chemistry, Degloor College, Degloor, Nanded.

Abstract:

A novel and efficient synthetic strategy has been developed for the preparation of diethy2f2-chromen7-
yl) phosphate derivatives (2@ starting from the correspondinghydroxycoumarin derivatives (1g). The reaction
proceeds through the phospyiation of the phenolic hydroxyl group using diethyl chlorophosphate as the phosphorylating
agent. The transformation is carried out under basic conditions, with sodium hydroxide employed to facilitate deprotonation
of the hydroxyl group and promote nugbdndlic substitution. Benzyltriethylammonium chloride is used as a ptnassfer
catalyst, enhancing the interaction between the organic substrate and the inorganic base, thereby improving reaction
efficiency and yield. This methodology offers a straigivifard and practical route for the synthesis of cournbaised
phosphate esters.

Keywords: Diethyl (2-oxo-2H-chromen7-yl) phosphate, -hydroxy coumarin derivatives, diethyl chlorophosphate,
sodium hydroxidetriethylbenzylammoniumchloride

Introduction: central role in modern pest managemeitrategies In

Coumarincontaining heterocyclic compounds have addition t(_) conventional or_ganophos_phorous pesticides,
attracted considerable attention due to their ability t?NOSPhonic acids and their derivatives have attracted
significantly enhance the physiological and biommcmcpns@erable'a'tt.entlon becayse of their diverse and pqtent
characteristics of the parent molecular framework. ThesBiclogical activities. Depending on the nature and position
compounds are known to exhibit a widege of beneficial Of Substituats attached to the phosphonic group, these
properties, including antibiotic activity,[1] anticoagulant €oMPounds have been reported to exhibit a broad spectrum
effects,[2] pesticidal action,[3] and broad applications in®f _ Piological — properties, including  antibiotic,
pharmaceutical chemistry.[4] The structural versatility ofantileukaemic, herbicidal, plant growth regulatory, and
the coumarin moiety, combined with its favorable'”S_eCt'C"_jal gct|V|t|es[.18,19] The vgr;atmty ophosphonic
pharmacabgical profile, has made it an important scaffold acid derlv_anves underscores their importance as valuable
in medicinal and agrochemical research. Numerouscaffolds in the deve_lopment of nove_l _agrochemlcal_s_and
coumarin derivatives have been extensively investigatel'€rapeutic agents with enhanced activity and selectivity.
and identified for their diverse biological activities. These Benzyltriethylammonium chloride (TEBACI) is a
include welldocumented anticoagulantfects,[5] potent widely used phastansfer catalyst in organic synthesis
fungicidal properties,[6] bactericidal actions againstand has found particular utility in heterogeneous reaction
various microbial strains,[7] anthelminthic activity,[8,9] systems, including the generation of carbenes.[20] More
and effective pesticidal capabilities,[10] among others. Theecently, TEBACI has also been repartéo act as an
breadth of these activities underscores the significance efctivator for fluorapatite, enabling its use as a
coumarinbased compounds as multifunctional bioactiveheterogeneous catalyst in solwérge Knoevenagel
agents. Notably, a reported study[11] demonstrated that thndensation reactions.

direct linkage of a coumarin nucleus to a heterocyclic |, ine present study, we report the application of

moiety leads to a pronounced enhancement in pesticidgln,,yitriethylammonium chloride (TEBACIH[21] as an
activity. This f|r?d.|ng. highlights he |mportan(;e of  efficient catalytic agent for the described transformation.
molecular  hybridization ~ strategies, ~wherein  therps yeaction” proceeds smoothly under the optimized

incorporation of a coumarin framework into heterocyclic .o gitions affording the desired produdtshigh yields
systems can result in compounds with improved or,.q \vith gbod purity.

synergistic biological efficacy. However, the majority of .

pesticides currently emploglén agricultural and industrial Materials and methods

applications belong to the class of organophosphorous Diethyl chlorophosphate was procured from
compounds, particularly phosphate, dithiophosphate, andancaster, while sodium hydroxide and
phosphorothioate derivatives.[1B5] These compounds benzyltriethylammonium chloride were obtained from S.D.

are widely favored due to their relatively high efficacy andFine-Chem. Melting points were determined in open

their biodegradable nature, which contributes to reduced api | | ari es wusing Kumar és mel
environmental persistence and accumulation wheiboiling points were measured in opeapitlaries under
compared with many older classes of pesticides.[17] As atmospheric pressure. 1H NMR spectra were recorded on a
result, organophosphorous pesticides continue to play Marian Mercury Plus spectrometer operating at 400 MHz
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in CDCk, using tetramethylsilane (TMS) as the internal
standard. Infrared spectra were obtained on a Rdtkimer
FTIR spectrophotometer employing KBr pellet techniques. Rs 0
Mass spectra were recorded on a Micromass Quattro |l 0c 0 OH C'\ﬁ;OEt
instrument using electrospray ionizatiggSl), with the OEt \
(M+1) peak corresponding to the molecular ion. Reactior - N OEt
progress and product purity were monitored by-thirer R; N\ R,  NaOH, TEBACI Ry Ry
chromatography (TLC) using Merck silica gel plates.

General procedure:

diethyl (2-oxo-2H-chromen-7-yl) phosphate(2a).
The procedure involved mixing -fiydroxy-2H-  Scheme 1:Synthesis ofdiethyl (2-oxo-2H-chromen-7-

chromen2-one (1.0 gm, 5.0 mmol) and sodium hydroxideyy phosphate

(0.256 gm, 6.2 mmol), followed by the addition of diethyl Taple 1: Data of diethyl (2oxo-2H-chromen-7-yl)
chlorophosphate (1.85 gm, 10.0 mmol) with stirring. phosphate

Benzyltriethylammoniumchloride (0.2 gm) was irduzed e R Reactio | Yiel
into the reaction mixture. The reaction progress was ;” "| R | R | R |[Rs| nTime | d
monitored using TLC with Hexane: Ethyl acetate (8:2) as (min) | (%)

the solvent system. Upon completion, water was added tq

: . . ) 2 H H H H H 30 89
the mixture. The solid obtained was filtered off and washed|
with water to get producf1.35 gm)
s ) 2b | H| CHs H H H 30 90
Results and Discussion:
In earlier laboratory studies, diethyl -(&o-2H- 2 | cl| cHs H H H 30 88
chromen7-yl) phosphate derivatives were synthesized via
a twostep procedure. Initially, the sodium salt of od | 1l ch H h | cH 30 g7
hydroxycoumarin was prepared by condensing the paren ® 3

compound with powdered sodium hydroxide imyd

acetone. This intermediate was then treated with diethyl| 2e | H | CHs H CzH H 30 90

chlorophosphate in dry dimethylformamide to afford the

desired phosphate ester. of H H CH H H 30 88
In the present work, our objective was to develop a °

simpler, more efficient, and environmentally benign-one 29 | H CoM |y H H 30 86

step protocol for the synthesis of diethyl-d2o-2H- L
chromen7-yl) phosphate under ambient conditions, Conclusion: o _
employing benzyltriethylammonium chloride (BBCI) In summary, an efficient and novel synthetic
as a catalyst. Accordingly, compounds @4Scheme 1) methodology has been developed for the preparation of
were successfully synthesized by the direct reaction dfi€thyl (2oxo-2H-chromen7-yl) phosphate derivatives
hydroxycoumarin ~ derivatives (Lg) with diethyl (2@ Q) starting f[om the correspondinghydroxycoumarin
chlorophosphate in the presence of sodium hydroxidgerivatives (lag). The strategy employs digth
under solvenfree conditions. TEBACI fuctioned as a Chlorophosphate as the phosphorylating agent, with sodium
phasetransfer catalyst, and the reaction proceededydroxide in combination with benzyltriethylammonium
smoothly at room temperature, affording the targechloride (TEBACI) functioning as an effective phase
products in excellent yields. transfer catalytic system. The reactions were conducted
Upon completion of the reaction, water was added td/nder mild, ambient, and solvefree conditions, which
the reaction mixture, resulting in the precipitation of thenot only simplified the experimental procedure but also led
product. The solid was filtered and washed thoroughly witd© @ significant reduction in reaction times. Importantly, the
water. The crude product (1.35 g) was further purified b>protoco| conS|stentIy afforded _the Qeswed products_ in
column chromatography. Adlynthesized compounds were €xcellent yields, as summarized in Table I, while
fully characterized using appropriate analytical andmaintaning high levels of purity. o
spectroscopic techniques. This streamlined methodology ©OWing to its operational simplicity, efficiency, and
provides a convenient, efficient, and practical alternativéroad substrate applicability, the developed methodology

for the synthesis of diethyl {@xo-2H-chromen7-yl)  represents a valuable contribution to synthetic organic
phosphat derivatives. chemistry. Furthermore, the ease with which structurally

diverse coumarin phosphate detivas can be generated
highlights the potential utility of this approach in
combinatorial chemistry and in the rapid synthesis of
libraries of biologically relevant compounds.
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Recent Advances In Green Synthests Biologically Active Xanthenedioneand
Bis(Indolyl) Methanes

Atul S Renge
Konkan Gyanpeeth Karjat College of asc, Karjat

Abstract:

Xanthenedioneand bis(indolyl)methane derivatives are two major groups of heterocyclic chemicals.
Xanthenediones are known for their medicinal chemistry roles, as well as uses in dyes, laser technology, and fluorescent
probes. Similarly, bis(indolyl)methanes, naturatigcurring indoleébased chemicals, have anticancer, antibacterial,
genotoxic, and hormon@odulating activities and are found in both éstrial and marine environmerdtention. This
review summarizes recent advances in green synthesis approachegtengdione and bis(indolyl)methane derivatives
ando overall, green synthetic methodologies provide intriguing alternatives to traditional methods, paving the door for
long-term manufacture of biologically active heterocyclic molecules for future medidahdustrial uses.

Keywords: Xanthenedione, Bis(indolyl)methane, Green synth&dapgical activity, Sustainable chemistry

Introduction: microorganisms, among other terrestrial and marine natural

Among the  significant  oxygeoontaining =~ SOUrCes.
heterocycles are xanthenes and their derivatives. Many Given the wide range of biological activities
naturally occurring substances include xanthenedionesssociated with this family of molecules, medicinal and
which are crucial to chemical and medical chemistry. Thepynthetic organic chemists' interest in indole and
have been employed as antagonists for -desigant xanthenedione derivatives has grown considerably.
leukemia lines and are wakpresented in biological Therefore, it becomes crucial to find new synthetic
activities including antiplasmodia. Additionally, these techniques for the synthesis of these compounds. Below is
heterocyclic compounds are employed in ledges, laser a brief summary of some recent advancements in the
technologies, and pidensitive fluorescent materials for synthesis of these compounds:
biomolecule tracking®. Numerous xanthene molecules Mulakayala approach (2012)\%
have been found to be novel antagonists of chemokine ] ) ) ) .
receptor ¢ An essential structural component of The paper descrlbgs the rapid synthesis pf t_)lolog|cally
xanthenones, the chromene nucleus has numero@SSential  heterocyclic ~ molecules  utilizing  an
pharmacological characteristics, such as antiviral, diureti€nvironmentally benign process. The emphasis is on green
anticancer, antioxidant, artbagulant, and anti techniques that minimize 'Fh_(a use of hazardous solvents and
anaphylactic effects. Additionally, it has been utilized toharsh catalysts while retaining gooeigs.
treat neurodegenerative conditions like AHaSsisted 0 A O
dementia, Parkinson's disease, Down syndrome, an 0
schizophrenid'®

lodine | |

An aromatic heterocyclic molecule called indole forms + AICHO
when a pyrrole and benzene ring fuse. Indole and it 0
derivatives exhibit a wide range of biological activity and .
are found throughout natireAmong the several indole (Scheme 1) (90-96%)
derivatives bioactive substances include o

o ’ o . F. Shirini roach (2013)6
bis(indolyl)methane, vibrindole A, and streptindole. S approach (2013) ) )
Bis(indolyl)methanes are anticancer agents because they The procedure offers a green and effective synthetic
increase the metabolism of estroeh pathway, utilizing mild reaction conditions and
Bis(indolyl)methane has a variety of properties, includingenvironmentally  friendly  solvents.Simple ~ wedp
genotoxic, antibacterial, and anticewagenid¢2 The body Processes ensure that the reactions run smoothly while
produces it from cruciferous foods like cauliflower and Minimizing waste formation and energy usage.
cabbage. Because bis(indolyl) methane and similal 0
chemicals have anticancer properties, it is believed Q A0

i-propanal 70-80 Ic 0

consuming these veggies may protect the body from NSPVPC
cancer. Additionally, bis(indolyl)ntane may function in + A H -

the body similarly to estrogen. Streptindole has DNA 0 Solvent-free, 100 Uy 0
damaging and genotoxic properfies One of the
metabolites of marine bacteria is vibrindol& At has been
extensively isolated from tunicates, sponges, and parasiti.

N. Hazeri approach (2014)"

(Scheme 2) (80-98%)
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The research describes an efficient synthesis ofonditions at 80C for the onepot synthesis of 1,-8ioxo-
heterocyclic derivatives that use an improved and practicalctahydroxanthenes derivatives. The catalyst could be
reaction approach. The work demonstrates the value oécycled up to twelve cycles and worked well without
sustainable synthetic techniques in intermediate andoticeable decrease in catalytic activity

application organic chemistry.
0 0O A O
0 o 0. H
)L HOAc, (0.2mL)
"ATH ——— » 5 FeNP@SBA-15
0 0 +
0 80’c
(Scheme 3) (70-98%)
(Scheme 7) (89-99%)
M. Zolfigol approach (2016)*8

— >
The research describes the utilization of a reusabl§ - Hojati :atpproach (20.20)2 . '
nanemagnetic heterogeneous catalyst with aqueous or Hotaji et al. described the production of catalytic Fe

minimal/green solvent conditions to efficiently produce nanoparticldoaded zeolite X. This reusable, ntwxic

heterocyclic compounds. nanostructure FX zeolite was utilized to synthesize a
series of 1, 8&lioxooctahydroxanthenes in good to
R outstanding vyield using orfsot threecomponent
0 H condensation of aromatic aldehydes and dimedone.
0]
=3, NMPs cat. (0.01g)
.~ solvent free, 80 °C 0 Oy M
0 g
(Scheme 4) (89-98%) | N FeX
_ 7 Solventfree, 90 °C
M. Patil approach (2017)*° 0
M. Patil reported a solveritee methodology for the (Scheme B) (75-95%)
synthesis of symmetrical and unsymmetrical xanthenes

derivatives using sulfated polyboraas effective catalyst S. Mendes approach (20125

at 100°C in good to excellent yield The work used silica gel as an effective and recyclable
0 0 R O catalytic surface for the synthesis of bis(indolyl)methane
derivatives. Solvenfree reactions correspond with green
j\ sulfated polyborate chemistry principles, simplifying workip and purification.
+ R
o R™H  100'C, Solvent free | 0 | Ry Ry
(Scheme 5) (95-99%) j\ R32 A\ Sllica gel (50 mg/mmol) O Ry o O
R Ry N 100°Ctn I
S. Banakar approach (20185%° h N N
S. Banakar studied the synthesis of xanthenediong ! Ri 79 gq0 R
S . . (72-99%)
derivatives usinga catalytic amount of ZnGhanorods

decorated graphene oxide (GO/ZnO) nanocomposite undé&:. Ghodrati approach (2013)?*

solve_nt f_ree condition with excellent yield and short This work describes a nanocomposite synthesis where
reaction time. ammonium peroxydisulfate initiates oxidative
polymerization and {oluenesulfonic acid acts as a

0 . 0 A O . - .
0 Graphene oxide/Zno dopant/catalytic promoter. The reaction is performed in a
)L nanocomposite liquid-phase system rather than under strictlyeuot-free
ACCH t || conditions.
o  Solventfree 0

(Scheme 6) (89-99%)

F. Rajabi approach (2019y*

An iron oxide nanocatalyst was used as an effective
reusable heterogeneous catalyst under solveat

Vol. 13| Issue 1| January2026 149 www.newmanpublication.com



New Man International Journal of Multidisciplinary Studies (NMIIMS) ISSN: 2348-1390

and aryl alkynes) for Markovnikov addition, resulting in
O bis(indolyl)alkane derivatives.

R
\ Silica NP ( 20 mol*) solvent free O
ReH0 +2 ' NG, dlesono adedion, L]
! , Ultrasonic iradiaction, Hi NH

i
X Ru(bpy)s(PF
i 120 XX 2R Y 4 RyO0R, __ RulbpykPrah
A
(83:-94%) N OCE, 3 W white LEDs
RZ | \
. Ry R,
Z. Xie approach (2014y° 550

This work presents a biocatalytic technique for -
producing bis(indol yl ) me tShkaseeapproadh (201858 mp| oy i ng U
chymotrypsin, a protease enzyme, as a catalyst to

. ) : The paper describes a green and reusable catalytic
accelerate the condensation of indole and aromati pap 9 y

gystem that uses naturally available itaconic acid to

aldehydes. efficiently synthesize bis(indolyl)methane derivatives. The
reaction is often performed in a green solvent system such
CHO as water or under solvefree mnditions, which improves

environmental friendliness and matches with sustainable
synthesis objectives.

Ar
\ ltaconic acid O O
2 + ACHO ——— [
N

Water 100 Ic HN NH

= \ Chymostrepsin( 8mg/mmol)
RT | +2 D >
p N S0°C32h
H

D. Zhang approach(2015)26

This paper offers an effective solvente synthesis
of bis(indolyl)methanes employing silica (SiQ as the .
catalyst/support under microwave irradiation. The solid<: BOroujeni approach (2019)*
surface of Si O facil it at eBorougehietatdescrivgd hcarbbon ranotubésigrafiechon i o n
indoles with aldehydes, giving the desired products. poly (AMPS caoi AM) catalyst for reaction of indole and
various aldehydes at reflux condition in acetonitrile to

O R O afford the corresponding bis(indolyl) methanes
) Y\ Si0;(pH=6-7) R
RCHO + ?@ W I MWCNT-poly(AMPS-co-AM)
N MR 1Dmin HN NH \ (0.05 mmo)
RCHO + 2 >
N
H

(66-05%)

H
(80-95%)

/B

(67-08%) MeCN, Reflux HN NH
M. Zolfigol approach (2016)?7 (92-97%)
The work focuses on using urbased ionic liquid Y. Liang approach (2020)3
stabilized magnetic nanopar T'I'rllecpfllpgr%ﬂescaril:?es e ugeao¥pgl)|/al¥lrrs1ir;[um chﬂérri]dg se€

(magnetite) nanoparticles coated with silica and
functionalized with a urederived ionic liquid A
SO H/ HCI) <create a rreamlelale,
heterogeneous acid catalyst for organic condensations.

CHO
Nanomagnetic catalyst
|
ﬁ & Solvent free, r.t

L. Ye approach (2017y®

This study describes a Lewis adidtalyzed addition _ _ _ _ o
reaction in which tris(pent dhel unsreasipgh ebiolpgical b csigndfipasce Bf C F
acts as a metdiee catalyst to activate substrates (indolesxanthenedione and bis(indolyl)methane derivatives led to

(an inorganic polymer flocculation catalyst) as an effective
a@d&nviéogr%eptaély friegdl aatalgst fgr Ithf: production of
bis(|nd"olyl)methane‘deriva ives by e?ectrophi}fc alkylation

of indoles.

CHO

N
) \ +R_© PAC (001 q)
N Z  Ethanol R T

(80-98%)

(12-97%)

Conclusion:
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substantial study into efficient and ecologically friendly green synthetic methodologies provide a sustainable
synthesis techniques. As discussed in this reviewalternative to traditional methods and show tremendous
numerous green synthesis approaches have be@nomise for fiure applications in medicinal and industrial

successfully used, including solveinée reactions,
reusable heterogeneous nanocatalystshasedcatalysts,
and energefficient techniques like microwave irradiation, synthesizing biologically active heterocyclic molecules
ultrasonic irradiation, and visibligght activation. Overall,
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Abstract:

Synthetic and Heterocyclic Chemistry comprises development of new heterocycles or new synthetic methods of
synthesizing prexisting heterocycles which have wide applications in pharmaceuticals, agrochemicals, material science,
photochemistry etc. This pap discusses about classical to recent developing innovative methods to build complex
heterocycles having wide range of applications in allied sciefts® wediscussed the historical context and modern
advancements in treynthesis of heterocyclegthin organic chemistry.

Keywords: heterocycles, synthetic chemistry, recent developments, sustainable techniques.

Introduction: (APIsY. Transition metal catalysis (using palladium,
Heterocyclic chemistry is the study of cyclic copper, nickel or rhodium) enables precise bond
compounds with at least one ring atom that isn't carbon, formation, such a€iH activation andcross
such as nitrogen (N), oxygen (O), or sulfur (S). Examples: coupling reaction$ (e.g., SuzukiMiyaura) M.
Pyridine, Furan, Thiophene, Pyrrole, Quinoline. Synthetic Kazemi and his research group studied about The
Chemistry is the art and science aoinstructing complex palladiumcatalyzd denitrative coupling of
molecules, developing new pathways and improving nitroarenes has emerged as a transformative strategy
existing onels Synthetic and Heterocyclic chemistry is a in synthetic organic chemistry, offering an efficient
vital branch of organic chemistry which deals with and sustainable alternative to traditional cross
Developing efficient, sustainable ways to synthesize these coupling methods that rely on aryl halides or
vital heterocyclic building blocks for drugs (e.g., pseudohalidés
anticancer, antiviral etc.) dyes and materitlgs a bridge 3. CiH Activation & Functionalization: C-H
between chemistry and biology, exploring how these activation plays a pivotal role in modern organic
heterocycles like Pyridine, pyrazole, indole, quinolines, chemistry by offering efficient, versatile, and
benzothiazines, pyrroles, thiophenes function in living sustainable methotfsfor the synthesis of complex
systems and discussing new synthetic route for molecules, thereby driving innovation and discovery
pharmaceuticals, pigments antivanced materiads in science and technology. It allows for direct
In essence, synthetic heterocyclic chemistry is a modification of inert €H bonds Mwithout pre
dynamic field that designs and builds the complex ring functionalization, enabling latstage modification
structures essential for |fgaving medicines and modern of druglike scaffolds. Recent reports highlight its
technologies, leveraging cuttiregige synthetic tools for use in synthesizing spirocyclic and fused indazole
efficiency and sustainability witithe help of modern derivatives.
approaches lik€atalysis which involve3ransition metal 4. Photo redox Chemistry: photoredox chemistrigas
catalysis, organocatalysis, and enzyme catalysis are vital become an essential technology for medicinal
for creating complex heterocycles efficiently aGdeen chemists, particularly for the latdage
Chemistry whichFocus on sustainability, reducing waste, diversification of complex drug leatfs Utilizes
and milder conditions, often using microwaassisted visible light to generate reactive radical species
synthesis. under mild condition'$. It is particularly effective
Synthetic Methodologies for latestage amination and alkylation of
The synthesis of these compounds has evolved from heterocycles like pyridines and isoquinolines.
classical condensation reactions to héfficiency modern Photoredox chemistry aligns with "Green
techniques: Chemistry" mandates by replacing harsh oxidants or
1. Classical Methods:Still widely used today, these reductants with light, using netoxic reagents, and
include theFischer Indole Synthesi Hantzsch achieving highatom economif.
Pyridine Synthesid, andPaali Knorr Synthesis® 5. Multicomponent  Reactions (MCRs):MCR
for pyrroles and thiophenes, furans, pyridifiesc. Comprisexombining three or more reactants in one
2. Modern Catalytic Techniques: Metalcatalyzed pot to reduce waste. fihcilitates the rapid assembly
crosscoupling reactions aradispensable in recent of complex heterocyclic frameworks (e.g., indazole
era for the construction of carbaarbon (CC) and fused triazoles) from three or more starting materials
carbonheteroatom (€X) bonds, driving efficiency in one step, significantly reducing waste and time
in the synthesis of active pharmaceutical ingredients Multicomponent Reactions (MCRs) !area
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Key Applications of synthetic and Heterocyclic
Chemistry.

f

dominant force in medicinal chemistry, enabling the contribute to the chemical and metabolic stability of the
assembly of three or more starting materials into icompound, ensuring a sufficient persistence in the
single, complex heterocyclic product in a gt  environment (e.g., in soil or on the plant surface) to be
operation. This strategy is critical for expanding effective, while eventually breaking down into ntmxic
"drug-like" chemical space and streamlining drug metabolites.

} \

discovery. They offer highatom economywhere Cl
nearly all atoms of the reactants are incorporate

into the final product and minimize hazardous wastt N \ N n
generatioH’. A W
Green Chemistry Approaches:To improve ﬁ Y

sustainability, recent synthetic and heterocyclic
research emphasizes use of Alternative Energ
Sources which includes Microwaveassisted

synthesi& andultra sonicatio® significantly

reduce reaction times and energy consumptiorr.
Ultrasound allows chemists to use high energy at
microscopic level to drive reactions that would
otherwise take much longer or require harihe

. ‘I’o N
/ ,c?l@ NO;

. Thiamethoxam
azoxystrobin

Fig.2: heterocycles irfungicides, herbicides (e.g.,
triazines), pesticidesand insecticides

chemicals.Increasing ultrasound power provigdes
more energy to the mixture, improving "mass
transfer" (the mixing of molecules) and boosting the
overall reaction. Sonochemical methods
prioritize solventfree or aqueous media, drastically
reducing toxic residues and organic wéstdt
enables the synthesis of highly sensitive or unstab
bioactive molecules that wid decompose under
traditional hightemperature thermal conditions.
also involves  Mechanochemistty which

is Solventfree synthesis using mechanical forces
like ball milling to drive reactionsSuch Green &
Non-Conventional Synthesis provide faster, more
sustainable alternatives to traditional heating

Materials Science:

Conducting polymers likpolythiophene (PTare
essential for organic electronics and solar cdlle to
theirhigh whole mobility, ease of synthesis, and
environmental stability CPs are increasingly integrated
I|nto 3D printing (inkjet, FDM) to fabricate complex,
flexible electronic components directly into structures.
Modern PT derivatives incorporate cyagmup
substitutions and backbone fluorination to achieve deep
lying enepy levels, enhancing both performance and{ong
term environmental stabilify,

Structural Significance:

Heteroatoms impart specific electronic properties,
enabling precise biological targeting and modulation of
drug actionThe structural significance of heteroatoms
(nitrogen, oxygen, sulfur) is a primary focus in medicinal
chemistry, as ove85% of bioactive compoundscurrently
contains at least one heteroatom. These atoms allow for the
precise engineering of drugs by shifting electron density to
modulate how a molecule interacts with its biological
target. Saturated heterocycles like piperidine introduce
Structural flexibility, while aromatic ones like pyridine
provide planar motifs thdavor. Modern drug design uses

Pharmaceuticals:Heterocycles form the backbone
of life-saving drugs likgenicillin ( factam
ring), atorvastatin (Lipitor), and various anticancer
and antiviral agents. Over 90% of new drugs contair
heterocycles; they're crucial for vitamins, hormones
antibiotics, and anticancer agents (e.g., diazepan;
isoniazid).

heteroatoms to crealBoisostere® structural
replacements that mimic the shape of a functional group
(like a carboxylic acid) but improve the drug's ability to
i cross cell membranes or resist degradation

OH OH

Atorvastatin

Fig.1: Pharmaceuticals:penicillin ( flactam
rina). atorvastatin

Agrochemicals& Materials:

Many fungicides, herbicides (e.g., triazines),
pesticides and insecticides rely on heterocyclic scaffolds
for stability and bioactivity. pigments, and dyeEhe
incorporation of heterocyclic rings (rings containing atoms
like nitrogen, oxygen, or sulfur in addition to carbon)
provides specific chemical and physical properties
essential for effective agrochemicdls These rings
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Future Directions:

effective,

scalable methods. Integration of artificial

intelligence (Al) and machine learning is expected to
further accelerate discovery and optimize synthetic
pathways, leading to the development of highly specific
and effective targeted therapies

Conclusion:

Heterocyclic synthesis is an old discipline, with
foundational condensation reactions recognized in the 19th
century still used today. The 21st century has seen an
overwhelming wealth of new synthetic methodology.
Recent advances in the construction okhatycles using
catalytic method® using nanoparticles, transition metals,
ultra-sonication and microwave assistance in reaction,
green methodologies to achieve sustainabililty.Recent
advances in synthetic methodologies for functionalized
heterocyclic compounds arevolutionizing medicinka
chemistry by expanding accessible chemical space and
accelerating drug discovery progranibe pharmaceutical

Future trends in heterocyclic chemistry involve industry is increasingly adopting innovative strategies to

addressing challenges such as achieving perfect sevdo  streamline the delivery of complex driige molecules.
regioselectivity in complex systems and developing-cost
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A Review on Synthesis of 1Hpyrazolo[1, 2b]phthalazine-5, 10dione
Derivatives
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Abstract:

1H-Pyrazolo[1,2b]phthalazine5,10dione derivatives represent an important class of fused heterocyclic
compounds that have attracted significant attention due to their diverse biological and pharmacological activities. Recent
advances in the synthesis, structural modifications, ilgastechanisms, and uses of these compounds are outlined in this
study. Efficiency, selectivity, and sustainability are highlighted in the review of various synthetic methodologies, such as
catalystassisted methods, green chemistry approaches, and mgtioent processes. These compounds' biological
potential, including their anticancer, antibacterial, -amftammatory, and antioxidant properties, is rigorously examined,
emphasizing the structugetivity connections documented in recent literature.Heunhore, their significance in material
science and pharmaceutical chemistry is discussed. In order to direct future research in this interesting heterocyclic
framework, current challenges, limitations, and opportunities for the synthesis of nepgrdHlo[1,2-b]phthalazine
5,10-dione derivatives are also described.

Keywords: Phthalazine, Anticancer, Antimicrobial, Astiflammatory, and antioxidant

Introduction : functionalized heterocyclic scaffold is created when a
Heterocyclic compounds are found in many naturalPY'azole ring and a phthalazidéone moiety fuse to form
products, medicines, agrochemicals, and functionafn€ tricyclic framework of these molecules [9].
materials, they are vital to organic and medicinal The biological significance of lddyrazolo[1,2
chemistry. Heterocyclic moieties have been estimated to be]phthalazine5, 10dione derivatives has been
present in over half of all smatholecule meitations, = demonstrated in numerous studies. Various derivatives
highlighting their significance in therapeutic developmenthave demonstrated strong anticancer activity against a
and discovery.[1]. Among heterocyclic compounds,variety of human cancer cell lines, frequently by
nitrogencontaining systems are particularly important medanisms including the induction of apoptosis, the
because nitrogen atoms can participate in hydrogeneduction of cell growth, or the inhibition of enzymes [10].
bonding, coordination interactis, and electronic Their potential as lead compounds for the creation of novel
modulation, which are essential for biological activity [2]. antrinfective medicines has also been highlighted by
Fused heterocyclic systems, formed by thefeports of their antimicrobiahnd antifungal properties

combination of two or more rings sharing common atomsl11]- The pharmacological adaptability of this heterocyclic

have attracted increasing attention because of theframework is further highlighted by further documented

enhanced molecular rigidity, planarity, and structura/Piological characteristics, such as anflammatory,
diversity. These characteristics often result irpiaved antioxidant, analgesic, and antidiabetic effects[12, 13].
receptor binding, metabolic stability, and pharmacokinetic =~ The development of effective synthetic methods to
profiles compared to nefused analogues [3]. Phthalazine synthesize these substances has been the focus of
and its derivatives represent a prominent class of nitrogersignificant research because to their potential biological
containing heterocycles with wellocumented biological characteristics. 1Hbyrazolo[1,2b]phthalazine5,10-dione

and pharmaceutid relevance. Structurally, phthalazine derivatives were frequently synthesizasing multistep
consists of a bicyclic system containing two adjacentprocesses, severe conditions, extended reaction periods,
nitrogen atoms, which contributes to its unique chemicabnd modest yields [14]. These constraints have spurred
reactivity and biological properties. Phthalazine efforts to find more costffective, ecologically friendly,
derivatives have been reported a wide range of bidbgic and efficient synthetic approaches.

activities, including  antihypertensive, anticancer,

antimicrobial, antinflammatory, and enzyme inhibitory gttective method in recent years for the synthesis of

effects [48]. complicated heterocyclic systems, such as derivatives of
One of the most promising methods for increasing thepyrazolefused phthalazine. MCRs enable the combination
biological and chemical diversity of phthalazine of three or more reactants in a single rieacivessel to
derivatives is ring fusion with other heterocyclic systems.produce a product that includes significant amounts of each
Pyrazolefused phthalazine derivatives have received a lobf the initial elements [15]. These reactions provide a
of attention in this area, espetyallH-pyrazolo[1,2b] number of benefits, including quick access to structurally
phthalazine5, 10dione derivatives. A stiff and highly varied compounds, low waste production, excellent atom

Multicomponent reactions (MCRs) have been an
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economy, and ease of operation. ¢ reactions of 0
phthalic anhydride or phthalhydrazide, hydrazine

0
derivati . N Proline
erivatives, aldehydes, and active methylene compoun EOHH (21 N
are used in many documented syntheses of 1H NHZ*NHZ-NHZ-H2O+RCH0+< — |
pyrazolo[1,2b]phthalazine5,10-dione derivatives [16]. . 80°C Aram N
0o My

N
Additionally, catalystassisted synthetic techniques 0

have greatly increased these reactions' efficiency.
Pyrazolo[1,2b]phthalazine5,10-dione frameworks have Scheme2

been formed using a variety of catalysts, such as metal Vijay Dabholkar et.al.eported a simple, efficient and

salts, acidic and basic catalysts, ionibquids,  onepot four component synthesis of 1H pyrazolofih]2
organocatalysts, and nanomaterials [17]. These catalysishalazines,10dione  derivatives  using  novel
are frequently used to produce softer reaction Conditionsmeterogeneous calcined

shorter reaction times, and higher yields. Furthermore, by . .
decreasing catalyst waste and promoting reuse, M9 FeCOs hydrotalcite at room temperature is

heterogeneous and recyldle catalysts support sustainable described. The calcined hydrotalcite with a that gives best
synthesis [18]. catalytic activity for this reaction. Phthalimide, hydrazine

. ) hydrate, malononitrile, benzaldehyde and-Mg-Fe-
Review Of Literature: hydrotalcite in ethanol stirred at room temperatu
The aim of this review is to comprehensively (Scheme3) [21]
summarize the reported synthetic methodologies for 1H
pyrazolo[1,2b]phthalazine5,10-dione derivatives. \
Emphasis is placed on reaction strategies, catalytic
systems, multicomponent reactions, and green chgmistr 0

/ -R
0 : 7
approaches. By critically analysing recent advances and o MgFeCO;
existing challenges, this review seeks to provide valuable/\ H Hydotddte N
insights and guidance for researchers engaged i *< + NHyNHZHQ + N ——> | N
heterocyclic synthesis, medicinal chemistry, and relatedy, o Room Temp N /
areas. A brief summary of variousethods is summarized R
below. 0 o MW
Reza Tayebee et. al. reported as PbO nanoparticl&heme3
were explored as a highly efficient, simple, cheap, and  yqogesha. Tayadeet.al. developed an efficient and
recyclable catalyst for the fast synthesis of -1H green method for the synthesis of -pirazolo[1,2
pyrazolo[1,2b] phthalazines,10di one derivative by hhihalazines,10diones derivatives by employing
means of a onpot threecomponent reaction Of 50mq | ocyclpdextrin via a ong@ot multicomponent
phthalhydrazide, aromatic aldehyde, and malononitrilgs,ction of aldehydes, malononitrile and phthalhitie

under_ solvenfree conditions at 80 °C. Furthermo_re, in H,O EtOH (4:1) at 100°C for first time under neutral
nanosized PbO was prepared by the two Conve”t'on‘?:'ondition.(Scheme4)[22]

methods of planetary ball milling and dispersion of
commercial PbO in +octane, and their cataigt
performances were compared with the commercial
Graphical Abstract bulk Pb@Schemel)[19].

0 M X 0
0 0 0 \/
NHZ A\
o 3 ‘ -
N N NanoPt0, L% N NH y b-Cycloderin 100°C
L= O (LY
| o NH o Solven FeedlfC N Wy H,OEtOH(4Y)
/ Y4
R1 0 A 0 H
0 0 0
Schemel Scheme4
Dipanwita Banerjee and ewmorkers reported the Hamid Reza Saadatiloshtaghin and cavorkers

synthesis of 1H pyrazolo[1;B]phthalazine5,10-dione  reported a novel, efficient and magnetically recoverable

derivatives from the reaction between Phthalimidenanomaterial consisting of heteropoly acid supported on

hydrazine hydrate, aldehyde and malononitrile in thdonic liquid-modified copper ferrite nanoparticle was

presence of proline has been utilized orgaatalyst in a  prepared and performed as a heterogenedadystin the

mixed solvent of ethanol and water in the ratio of 2:1 afast and convenient synthesis of -phrazolo[1,2

80°C. (Scheme2)[20]. b]phthalazine5,10dione derivatives under mild and
solventfree conditions(Scheme5)[23]
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0 0 onditions(Scheme8)[26]
CN o g
\H HeBIN .0y LMNPS N
AN s | o
\H o vent Free N / ZrOzNPs T N
Solvent free N /
: 0 A 0 NH,
Scheme8

Schemeb
Prashant B. Hiremath et.al. were developed a

microwaveaccelerated facile synthesis of -pirazolo[1,
2-b]phthalazineb, 10dione derivatives catalyzed by water
extract of mango peel ash (WEMPAScheme9) [27]

Farzaneh Mohamadpoureported who used 1,8
Diazabicyclo[5.4.0lJunde@-ene (DBU) as a highly
efficient bicyclic amidine catalyst promoted epet mult-
component synthesis of biologically active-phirazolo [1,
2-b] phthalazine, 10dione derivatives via orgot four

componeh condensation reaction of phthalimide,
hydrazine monohydrate, aryl aldehydes and malononitril
under solvenfree conditions through simple filter with no + WEMPA
necessity of chromatographic purification stgfheme N
6)[24] CN 800(3 Ethand
o Dy " Scheme9
NH + NHNHHO + | N Farzaneh Mohamadpour have reported the synthesis
Shen F’*WC N / of 1H-pyrazolo [1, 2b] phthalazines, 10dione

derivatives via threeomponent coupling of aldehydes,
malononitrile or ethyl cyanoacetate and phthalhydrazide

0 / \ under solvenfree conditions by using caffein&: green,
natural and biodegradable catalyst for the convenient.
\/\ (Schemel0) [28]
X 0

by the fourcomponent condensation reaction of phthalic
anhydride, hydrazine monohydrate orratic aldehydes
and ethyl cyanoacetate under microwave irradiation. 0

(Scheme7)[25] Schemel0

Samaneh B. Chalaki et.al. have reported Cu (Il)
anchored onto the magnetic talc is used as a new magnetic
nanostructured catalyst for the epet gramscale
synthesis of 1kpyrazolo [1, 2b] phthalazines, 103dione
derivatives(Schemell) [29]

Scheme6 0
Kiran N. Patil et.al. demonstrated that the use of 5% NH Caf
CTAB capped ZnO nanoparticle for a highly efficient | . )k . ene
synthesis of 1HPyrazolo [1, 2b] Phthalazines, 10-Dione N R " Solven { Free

CHO 0
CTAB
Capped

ZONRS
0+ NHpNHHO < . LN

N
EOHH,0 0
CN R/ Vi . o
0 ! k + < Cady .
Scheme? R N Ethanal
Mohammad piltan reported the use of zirconium oxide

nanoparticles are an efficient catalyst for the preparation of 0
1H-pyrazolo[1,2b]phthalazines,10-diones via a three Cull Anchored onto the Magnetic Talc
component reaction of phthalhydrazide, aromatic Schemell
aldehydes and malononitrile under soitt&ee

G. M. Ziarani et. al. were investigated A green
protocol has been developed for the synthesis of 1H
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pyrazolo[1,2b]phthalazine5,10-diones by  oneot
cyclocondensation reaction of phthalhydrazide, aromatic
aldehydes, and malononitrile or ethyl cyanoacetate using

CN

<

sulfonic acid functionalized SBA5 (SBAPr-SQ;H) as a 9

heterogeneous solid acid catalyst under soffreet
conditions.(Schemel2) [30]

0
SBA Pr503H 0l
CN Solven fiee
0
Schemel2

R. G. Vaghei has reported tbee pot synthesis of 1H
pyrazolo [1, 2b]phthalazine5, 10dione derivatives under
solventfree conditions(Schemel3) [31]

0
TBBDA or PBBS o
Solvthree
0
Schemel3

Wang wanget.al. have reported the threemponent
synthesis of 1Hpyrazolo [1, 2b]phthalazines, 10dione
derivatives using basic ionic liquid was studi¢sicheme
14) [32]

0

CHO
0 NH,
i 0
0+ NHNHA0+ g Wy N\ nciid N \ _\
—_— |
¥ N o
0 R
"
A
=/ R

Schemel4

Y. DathuReddy et.al. have reported the gt syntheses
of 1H-pyrazolo[1, 2b]phthalazine5, 10-diones and H-
indazolo[2, ZIb]phthalazinel, 6, 11(13H)-triones in
water by autocatalysis was investigatg&themel5) [33]

0 R
CN \
— | )—on
N
a o M,

cl NH,
|+ + | | WaterReflux
c R H NH, o "
N O
L 5 ,
N
0
0
0
Schemel5

Javad SafaeGhomi et.al.
flexible green synthesis of Z1pyrazolo[l, 2
blphthalazine5, 1Gdione derivatives with  Cul
nanoparticles as catalyst under solvigaé conditions.

(Scheme16) [34]
Schemel6

Vijay V Dabholkar et.al. have reported the synthesis
of 1H-pyrazolo [1, 2b] phthalazines, 10dione
derivatives using NiF®,nanoparticle as a heterogeneous
catalyst was develope(Schemel?) [35]

have reported a highly

Cul Nanopart\des
CN “Weam

0,
M\
N|Fq0 \ \
0 * NHNHHO + /\OJK/CN ' ETT rlu
0
0
0 / \
=\
R
Schemel?

But current methodologies are suffered from
numerous disadvantages such as longer reaction time, high
temperature, harsh reaction conditions, use of toxic and
expensive catalysts, lack of recyclability of catalyst and so
forth. Accordingly, there is a scepto develop another
method for the synthesis of 3ipyrazolo [1, 2b]
phthalazine5, 10diones under environmentally caring
conditions. Heterogeneous catalyst has received
remarkable interest, both from a scientific and an industrial
viewpoint. Heterogeness catalysis is leading to a deeper
understanding of how the chemical reaction takes place on
the surfacg36-38].
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Conclusion less reaction time, green catalytic systems and enhanced
In the present review article, we have summarizegenvironmental compatibility. Also, this study has focused
various synthetic methods for t’he preparation of- 1H ON the wide ange of biological activities viz. anticancer,

pyrazolo[1,2b]phthalazines,10dione derivatives. From antitubercular, antifungal, analgesic, etc. Thus, this article

this study, we have found that there is need for synthetiéeveals that phthalazine derivative is an important motif in
methods i'ncluding multicomponent reats, microwave the heterocyclic chemistry which needs much modification

assisted protocols, solvefiee conditions which are ©OF der_ivatization to developnd design highly effective
ecofriendly, such as very good yield, low catalyst amountPiclogical compounds.
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Synthetic strategies for Quinoline frameworks: A comprehensive review

Santosh Padghan
Sant Dnyaneshwar Mahavidyalaya Soegaon - @ikhatrapati Sambhajinagar

Abstract:

As significant class of heterocyclic compounds, quinolines have been the subject of research due to their significance in
both natural and pharmaceutical goods. Researchers and scientists have been closely monitoring the development of
quinoline synthetianethods in recent years in order to efficiently synthesize quinoline and its derivatives. The review
focuses on the synthesis of quinoline derivatives by numerous methods.

Keywords: Pharmaceutical goods, quinoline derivatives etc

Introduction: A quinoline derivative has been especially important

Quinoline was first time isolated by Runge in 1834in the developm_ent of drugs targeting_central nervous
from coal tar [1]. Alkyl quinolines, alkyl isoquinoline, and SYStem (CNS) disorders such as neuroinflammation and
isoquinoline are also found in coal tar. Among the naturally® | Zhei mer 6-84.di sease [ 12
occurring physiologically active compounds with the The quinoline scaffold has sparked a great deal of
quinoline scaffold are quinine,cinchonidine, and curiosity, which has led to much research on the subject.
cinchonine from Cinchona alkaloids [2]. Quinoline is aNew synthetic processes are constantly being described,
planner heter@ar omati ¢ compound i mwithmhecentremphdsis ongleen and sustairsable synthetic
move throughout the structure and have a moleculaalternatives. Furthermore, quiivegé derivatives possible
formula of CO9H7N.Quinoline (Fig. 1) consists of a benzenebiological uses are constantly being investigated. Frequent
ringfusedtohe U and b positi on scompilatian offinked research és nacessany duk ® thelarge
derives itsother name is benzo[b]pyridine, Benzo[b]Jazineamount of investigations. The following are recent methods

Benzo[blazabenzene [3]. that concentrate on environmentally friendly systhe
N processes of quinoline derivatives:
m Castillo-Rios et al° reported the synthesis of quinoline
N derivatives by reacting Nuinoline-6-yl)piperidine-4-
Fig 1: structure of quinoline carboxamide was reacted with benzyl chloride derivatives

and triethyl amine in a mixture of GEN/CH.Cl; (3:1)

One pot Multicomponent reactions (MCRs) have,,qer reflux and constant stirring for 72 hours.

become an efficient method for the synthesis of highly

functionalized heterocyclic compounds [4]. The major a
advantages of MCRs includes atom economy, ease |n
optimization of reaction conditions and easy access w

several heterocyclic compounds in shorter reactlo CH3CNCH20|231
durations. The scientific community is interested |n REﬂUX72h0UfS(E)3N
quinoline as they are found in many natural products and

are widely used in pharmaceuticals as antimalerial, anti R 3H, 3F, 3, 381, 30CH,
inflammatory, antineoplastic, antifigal, anti infective and g \/. Padghan et ® have synthesized the
analgesic medicines{8]. The use of quinoline derivatives polyhydroquinoline derivative by reacting the mixture of
as scaffolds for contemporary drug discovery was madSenzaldehyde dimedone,  ethylacetoacetate  and

possible by the discovery of quinine (Figure 1), whichgmmonium acetate in ethanol by using montmorillonite
transformed the treatment of malaria {10]. K10 as catalyst.

CF3
N.__CFs

Cl N X
~N
Ioe :

0 0 0
HN PN A
WL H+ + 0

+ NH4AC Mont-K10

ZT

Chloroquine Mefloquine 00 Etfenal

Fig 2: Structure of quinoline derivatives used in the treatment of malarie
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Patel et df reported a on@ot three component

synthesis of <arboxyquinoline derivatives using- p DABCO.NH.OAC

toluensulfonic acid (TsOH) catalyst under MW irradiation. ks CHs

The results obtained in the work concluded that imines wit 8°C, 1hrs N CH
3

electron donating groups and arylalkynes with tetet | y

withdrawing groups favored the synthesis earflated H C o0
quinolines.

O O OH TsOH (10 mol%)
MW 00W, 3-4min

Naik et af?> have reported a rapid and efficient method
for the synthesis of  various carbonitrile
quinoline/benzolh]quinoline  derivatives by utilizing
benzaldehyde, methyl cyanoacetate and aromatic amine
with nanostructured Tigbhotocatalysts under solvefnee

conditions under microwave irradiation.
R=H, Mg, Me, F, 0, NG, OH

RE=H,0 O
0
Al-Matarneh et af studied the synthesis of iodo I \C Ry , A o
quinoline derivatives by reacting iogmiline, and pyruvic »0 . @ Til0p nanopowder i N\
acid with various aldehydes in the presence of acetic aci H 3060 s8¢/ no solvent
and TFA under reflux for 12 hours. 2

0 I CHOODH
“Reln 2h
" e,

/

N° OH
Vu et al 22 have reported a highly efficient, cest
effective and enviourmentally benign protocol for the
synthesis of 2, 4,-&isubstituted quinoline derivatives by
using NaHSQ@SIO, as a heterogeneous and reusable

catalyst.
: R0
R 00 soso, AN g
Anwar et al® reported the synthesis of quinoline and 0 M s

bisquinoline derivatives by one pot three component + ORt 7000 /
reaction between aromatic amines, aromatic aldehydes and N
phenylacetylene in the presence of catalytic amounts of \H,
potassium dodecatungstocobaltate trihydrate  Nader Ghaffari Khalight synthesized ethy-
(KsCoW12040.3H,0) under microwave irradiation. aryl/heterythexahydretrimethyk5-oxoquinoline3-

carboxylates via the one pot condensation of dimedone
with aryl/heteryl aldehydes, ethylacetoacetate and
ammonium acetate under solvent free conditions catalyzed
by an efficient, haloge free and reusable Bronsted acidic
ionic liquid catalyst.

CHO
UNH? U KZOowuo40 0
W

Praveen et #l have synthesized quinoline derlvatlves
by employing aminoacetophenone and phenylacetylene i NHAOAc (NSHIm)HSO, (38Mat%
the presence of Zn(OT%flas an efficient catalyst under 0
microwave irradiation. St feg S0°C,17mn

R
R ! Dos Santos GC et Al studied the synthesis of
Ry R 1mol% Zn(OTf), 2 N nitroquinoline derivatives by the condensation of p
1 // . - .
+ W’ p nitroaniline, benzaldehyde and phenylacetylene under air
NH, N" 'R;  atmosphere, room temperature and constant stirring using

anhydrous acetonitrile as solvent and Nb@ed in the

1
Arijit Kundu et aP* have developed a DBU catalyzed proportion of 50%.

metal free domino reaction for the synthesis of dihyéis
quinoline5-o n e s by -chleroUn-gmsatubated
aldehydes, 1;8liketones and ammonium acetate in ethanol
and water (1:1) under eco friendly conditions.
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0 psaqen, %
ERETE
g "

Jiang B. Liang et &t have reported diastereoselective
synthesis of quinolin@,5-diones by microwave irradiation
of aryl aldehydes with Mryl enamiones -hydroxy-6-
methyl2H-pyran2-one in acetic acid at 100C.

0 0 Ar20 o 0 o
0 M AcOHMW
M, HO VN O o pam

1 1

Dong W. et &’ synthesized substituted quinoline
fused lactones by intramolecular cyclization ofaiI
glycine, ci nnamy|l est e(p-
CRs)bipyridine)ruthenium(Il) tetrafluoroborate
(Ru(bpy(PFs)2 as a photocatalyst boron triflouride

etherate and acetonitrile as a solvent under irradiation witiPectrum of biological,

a 23 W fluorescent bulb at room temperature for 24h.

Ph

| N BFgEt20(1m0|%) \
LA NN e AL Ry 1]
X 0

Esfandiary, N. et & reported =~-FeOs@Cu

NCCN
NH, CHO
N 7N Zn0, water
R + Ry —_—
2 Z reflux, 26-40 min

R=Ry= 4Br, 4-Cl, 4NO,, 3-NO,, 3-Br

Sun X et al® studied the regioselective synthesis of
two quinoline fused cyclopentane derivatives by a mixture
of biphenyt4-isocynide and diethyl -Bromo-(4-Phneyl
but-3-yn-lyl)malonate in dimethyl formamide as a solvent
under irradiation with blue LED strip for 24 & room
temperature using fatris(2-phenyl Pyridine)iridium(lil)
(fac Ir(ppy)g) as a photocatalyst and M Ou.

%
Fpoy NegPO, DMF Ph \
‘Nc BN el AT
E00C CooR cooa COO!

EtOOC E‘OOC
Conclusmn

Qumolme anc}/ its derlvatlves co%tmue to occ&py a
central position in heterocyclic chemistry due to their wide
pharmaceutical, and material
science applications. In recent years, significant progress
has been achieved in the deywiment of efficient and
sustainable synthetic methodologies for the construction of
quinoline frameworks. This review has comprehensively
summarized recent advances in quinoline synthesis,
highlighting classical approaches alongside modern
strategies such sa multicomponent reactions, metal
catalyzed transformations, microwaassisted synthesis,
solventfree protocols, and green chemisbgsed

methodologies. Despite these advances, challenges such as

LDH@cysteinePd catalyzed quinolones synthesis bycatalyst cost, scalability, and the need for milder ieact

intramolecular cyclization, @l coupling and A coupling
using phenylacetylene, 40 mg catalyst af 85in choline
azide medium.

.
saliieg

Anbhule et &° reported three pot Multicomponent

Catal yst (40 mg)
Choline azide, Cholineazide, 85°C

reaction by using malononitrile, various substituted
anilines and substituted aromatic aldehydes (EWGs/ERG.?))f
in water at shorter reaction times to synthesize qumolln%0

derivatives.
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Abstract:

Artificial Intelligence plays a significant role in organic chemistry and serves as a valuable resource for drug
design through de novo methods and for comprehending the molecular aspects of chemical substances. Al algorithms in
this field can facilitate ltemical reactions by implementing catalysts, determining chemical properties based on spatial
structures, and suggesting potential reactions. Various machine learning approaches in organic chemistry are employed to
predict and synthesize new chemical coompis that could serve as effective therapeutic options for treating diseases. This
research examines several machines to identify the best methods for developing medications for patients, yet researchers
globally allocate only a small fraction of their @ffs to exploring applied Al in organic chemistry and further evaluating
the accuracy, sensitivity, and specificity of chemical reagents over the past century, which are noticeably difficglt for dru
discovery researchers to get. In the future, there dimiimore research focused on this objective, as drug consumption
can be very attainable for individuals with various disorders

Keywords: Pharmaceutical field, medications, computational, physiochemical properties, stereochemistry.

Introduction: computer intelligence to describe Al in the prediction
o . structure of moleculeand atoms in the chemical organic

_ Recent research indicates that developing newcture, the human mind may be able to design and create
medications can be expensive, lengthy, and challenging fQf,emical structures for the analysis and prediction of drugs
patients to access. The application of machine leamning ang, the treatment of human diseases that cannot be cured
artificial mtelhggnce may help address this issue, althoughyitn potential drugs [6]. Artificial intelfjence (Al) has the
more research is needed [Mowadays, leveraging Al for tential to greatly advance drug design research in the
medication creation is essential. Historically, the process Cﬁharmaceutical field. This is due to the fact that Al
providing medications to patients has been arduous angd:hnology can assist scientists in developing new drugs for
time-consuming, but Al could reduce the human effortyatients worldwide, reduce human error in drug design
required for progjucmg these drugs for those in needrom comple chemical compound structures, and
Furthermore, patients should be educated about this neyynyibyte to a promising future for pharmacology research
technology, which may take 3 to 4 years [2]. | would alsqyqrgwide [7]. Scientists can use artificial intelligence (Al)
like to clarify that organic chemistry pertains to substanceg, organic chemistry by employing an automated software
that undergo nomquatic reactions that can be resolved iny5t “can resolve optimal synthetic cherhigarganic
similarly specific subsinces. Moreover, any compounds ygcesses for which chemists are unable to decide the best
containing a carbon atom in their structure are classified 3 rse of action [8]. In the field of organic chemistry, a
organic chemistry, while those lacking a carbon atom arg,gical planner use cuttingdge logic languages to solve
categorized as neorganic chemistry [3]. Artificial  anq optimize chemical reactions that are hard to find using
Intelligence (Al) refers to a machine resembling homa conyentioml approaches. This is one of the creative
that can execute all human activities. It can be appliedpjications of Al in organic chemistry [9]. As a result, we
across various domains, such as education, research, gidy assess the main ideas of many authors to ascertain
everyday life. Al represents computational humanypich strategy is the most effective, economical, and-time

intelligence, and in some contexts, it can be an error foéaving for researchers creating drtgsreat diseases.
individuals with greater intedicts to impose limitations.

Selecting suitable chemicals in the drug design process is ONn€ of the most important and frequently utilized
another vital aspect that we may utilize [4]. uses of Al in organic chemistry is the SYNCHEM program.

. . When it comes to stereochemistry content in particular, this
‘The pharmacy industry uses Al and machinemethod strategy helps chemists solve complex chemical
learning to choose compounds for more research that ha%%mpounds that are quitehalenging for scientists to
good physiochemical qualities and ADMET standarq iteM$,andle [10]. One research question on this subject is
because Al can represent large amounts of chemical daf@sessing the proper and improper consequences of Al used
for selecting profitable compounds ithe drug design i, computational biology and drug creation. The solution
strategy for chemists [5]. We aim to elucidate they this question is quite challenging and necessitatéssiur
importance of Al in chemistry, namely in drug design antvesearch in this area and clarifying issues. Maintaining
molecular modelling, in this review study. If we use paiient health globally may depend on translating data into
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Al language to develop new drugs by using cutinlge They can effectively instruct students in academic
technology, scientists and patients can receive better caistitutions and teaching facilities in this technique,
[11]. The main goal of this study is to help various Al andenabling the achievement of this successful objective in the
machine learning approaches compare their differences amegtar future [14]. A method employed in drug design is
similarities in order @ explain these results and reach aartificial intelligence (Al) techalogy, which aids
suitable conclusion when developing new drugs foresearchers by utilizing various machine learning
patients with different illnesses. Using data obtained frontechniques tewiftly analyse chemical data and implement
other articles, this review paper attempts to explore Athem in developing new drugs that can assist patients
technology employed in the process of creating nawgslr globally in alleviating their illnesses. Moreover, Al
by examining chemical structures for the treatment otechnology can assist researchers in predicting the effects
different disorders [12]. One of the challenges in organiof different medications for multiple illnees more
chemistry is creating novel drugs to treat a variety ofaccurately and efficiently [15]. Al technology can utilize
illnesses. Because conducting tests utilizing artificialmachine learning from organic chemistry structures to
intelligence approaches &ssist chemists in creating new predict and develop new drugs that could be extremely
and innovative medications for uncommon, deadlyvaluable in treating rare diseases. Nonetheless, the use of
diseases around the world requires a significant investmeitl is constrained bydata, accessibility, and inaccuracies;
of time and resources, many chemists are unable to usensequently, this area requires more accurate solutions
chemical structures in organic chemistry to project and16]. Table (1) summarizes the outcomes of using Al to
desgn new drugs [13]. In the new centre, researchers casptimize chemical reactions.

utilize Al tools and organic chemistry software to rapidly Table 1:

create drugs that are limited in numerous regions globally.

Year of Studies Results

The study's findings demonstrate how using Al and machin

A study that was done by learning can improve chemical processes, increase their preci
Puri et al in 2024 year(17) and shorten their duration. This is crucial for advancing

pharmaceutical technology and medication creation.

According to this study, using machine learning in an Al meth

can improve chemical process optimization by increasing catal

activity and the production of new chemical compounds.

The results of this research indicate that using Al and depeng

approaches can accelerate chemical reactions and create effg

materials through improved flow chemistry.

This study demonstrates how artificial intelligence (Al) in

A study that was done by Naya| chemical reaction neural networks can improve chemical procq

et al in 2017 year(20) and raise the sensitivity and accuracy of chemical reactiong

suggesting a significant role
They can improve the yield of a single chemical reaction an
reduce entropy creation with mass transfer, which optimize
chemical reactions.

These findings demonstrate how machine learning, chemist

engineering, and data science may improve chemical reacti

optimization using Al; as a result, global models can replicat

novel reactions, while local models increase reaction yield a

selectivty.

These researchers employ artificial intelligence (Al) and mach

learning to convert methane gas into carbon dioxide and cok

They can utilize Al to decrease the production of coke and

increase the production of carbon dioxide, with an error rate of]

than 5%.
Optimizing chemical reactions with artificial intelligence (Al)
improves both environmental and economic efficiency and low
greenhouse gas emissions.

A study that was done by
Samuel et al in 2024 year(18)

A study that was done by
Shen et al in 2023 year(19)

A study that was done by
Cao et al in 2019 year(21)

A study that was done by
Chen et al in the 2024 year(22

A study that was done by Kim €
al in the 2021 year(23)

A study that was done by
Xu W et al in the 2024 year (24

We investigated PubMed, CINAHI, and p9{-O to The quickest way to analyse Al data effectively is
assess this purpose in this written part. A total of 356Through machine learning, which can be employed to
papers were found, and 24 articles were choserthi®  develop diverse drugs featuring intricate organic chemical
purpose of this analysis. structures that are usually tedious and toonasuming.
Results and Discussion: Utilizing organic or inorgam chemical frameworks, this
review paper explores multiple machine learning methods
to enhance the use of Al in drug development. For example,
the eToxPred machine learning algorithm can swiftly and

Research Material.
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efficiently evaluate the toxicity level of small organic structure but do not have information about the agent's
chemistry compounds. A technique explored in this papeproperties. Three algorithms exist for this issue.

is the QSAR model, which assists in understanding the 1
guantitative specificity of organic molecules in chemical
research. This approach can elikise be utilized to
anticipate biological activity based on the chemical
structure, which is extremely advantageous for this project.

Main Body:

In a 2019 study, Pu et al. assessed the toxicity level
of their chemical agents by employing the eToxPred
machine learning model. The results suggest that this *-
method could be useful in virtual screening and serves as a
valuable tool for assessing the health hazards of chemical
substances [12]. Nevertheless, a separate study carried out
in 2019 by Al and assiates indicates that this model
possesses the accuracy, sensitivity, and specificity needed
to evaluate the toxicity of chemical agents in an aquatic
environment. As noted earlier, the initial case performed
well in virtual screening, while the second nebds the
most suitable for aquatic environments [11]. From the
examination of these two models, it is clear that the
eToxPred model focuses exclusively on toxicity in virtual
environments, whereas an alternative approach evaluates
specificity in aquatic eosystems. Both of these concerns
are valid, but it's crucial to highlight the conditions that
must be satisfied before chemistry researchers can apply
these techniques to evaluate and expedite their results.
Furthermore, these two models incorporate weio
machinelearning methods derived from comprehensive

Support vector machines, which forecast the
chemical properties of substances that frighten
chemists based on structural chemical knowledge.
Random forests: this technique, which also produces
excellent accuracy and is helpful for complex
chemical structures, predicts the properties of
chemical compounds with the aid of tree design in
their matter.

Chemical compound molecular characteristics can
be predicted with the use of deep neural networks.
Unsupervised learning is an additional strategy that
works well in situations where there is a lack of
chemical knowledge and can forecast chemical data
with the use of suinethods a) The clustering
method can access this data by visualizing chemical
structures in space and b) Analysing principal
componentscan help solve complex chemical
structures. The final method is reinforcement
learning, which is helpiuor forecasting efficiency
conditions in chemical reactions. Later model
machine learning is transfer learning, which is
employed when chemical data is scarce and can be
used to evaluate chemical attributes. Chemistry
researchers can readily assess anelchst chemical
structures that may be crucial components of
innovation strategies in the field.

To address this issue in chemistry science, young

organic chemistry studies, which we outline briefly in thisresearchers should try to provide extensive information
section. An alternative method is supervised learningabout the use of each method in machine learning and
which evaluates the characteristics of the compleiapplied Al technology in organic chemistry. Table 2
chemical based on potential dataieBtists suggest that illustrates how various Al techniquesan be used in
this method is most effective and beneficial when weorganic chemistry.

possess fundamental knowledge of a single chemical

The types of machine
Learning platforms in
Al in organic chemistry

Benefit

Limitations

Applicability in organic
chemistry

Superior precision, managin|
nonlinearity, significance of
features, resilience,
adaptability and balanced
performance

Random forest

Unbalanced datasets, over
fitting, computational
complexity, and lack of
interpretability

Quantitative structure is useful
for predicting chemical domaing
chemical risk assessment, and
activity prediction.

High-dimensional data

Manipulating tiny datasets usin
SVM is a very bad way to
evaluate large amounts of

Environmental chemistry,

manage higtdimensional
data.

Support vector interpretation is highly chemical data; it can lead to computational chemistry,
machines effective in resolving optimal noise in chemical structure structureactivity correlations,
decision restrictions classification; and it can lead t and predictive toxicology
errors due to unidentified corre
kernel values.
The effectiveness of the mode
Improve prediction L update . .
; Sensitivity to input data quality In org. chemistry, molecular
performance, include a a high risk of over fitting modeling combines machine
QSAR variety of data sources, and !

domain applicability, difficulty
interpreting complicated data,
and ignorance of molecular

interpretation data input

learning and quantum chemistr;
to improve chemical research.
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Regulatory acceptability,
generalizability, interpretability

Predicting toxicity, make syn.

Assess the effectiveness of . . .
materials accessible, rises

EToxPred toxicity drug discovery of the model's predictions, ang research efficiency
hypotheses. - -
training data reliability
Table 2:
Conclusion: Nevertheless, only a limited humber of studies have been

] ) ) ) . conducted on this topic, and very few academic papers

_Employing various machine learning methods, thishaye addressed this concept thus far. Numerous gaps
qualitative analysis evaluated the effects of implementingepmin to be addressed to tackle chemical challenges in
Al technology in organic chemistry. From this review gy ctyre and performance for molecular modelling and

study, we can infer that any substance can be valuable in designing new drugs through a de novo method to enhance

specific context and iassociated with a unique chemical accuracy, efficiency, and rapid drug production technology

structure and reaction with particular characteristics.
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Pathways Of Peril: Mechanistic Links Between Water Quality And Disease
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Abstract:

This review evaluates the multifaceted impact of water contamination on human health, analyzing the complex
network of anthropogenic and systemic factors that compromise water safety. A synthesis of current data reveals that
domestic sewage, industrial lents, agrochemical runoff, and microplasticsompounded by systemic management
deficiencie® constitute the primary drivers of water quality degradation. The health implications of these contaminants
are profound, spanning acute gastrointestinal infestievhich disproportionately impact pediatric demographics, to
chronic conditions including dermatological disorders and various malignancies. While the study explores the potential of
advanced wastewater treatment technologies to mitigate these risklnatndedges that geographical disparities and
varying contamination origins present significant barriers to universal implementation. Consequently, this review
advocates for a holistic strategic framework characterized by stringent legislative enforcemiimable agricultural
methodologies, and responsible waste management. Ultimately, safeguarding public health requires a synchronized global
effort involving governments, private sectors, and local communities to enhance infrastructure, fosteroimnamelti
promote international collaboration in water quality management.

Keywords: Water pollution; source; effects; treatment; human health

Introduction: conditions including renal failure, neurological damage,
Water pollution is defined as the introduction of and various maligancies [14]. Critically, these hazards

deleterious substances into aquatic systems, resulting in tR&Proportionately — affect  vulnerable —demographics,
progressive deterioration of water quality [1]. While waterParticularly -~ pregnant women and young children,
is a fundamental natural resource essential for botRECESSItating a rigorous -evaluation of current water

biological survival and socioeaomic development, Managementand legislative frameworks.

anthropogenic pressu@sncluding rapid population Factors Contributing To Water Pollution:

expansion, unplanned urbanization, and intensive
industrializatio® have significantly compromised its . i ) o
integrity since the late 20th century [2, 3, 4]. Despite the ~ 1he degradation of aquatic environments is driven by
Eart hés v areserves,yhd glabdl wager crisis is synergls'qc combination of c_Jomestlc, mdust.rlal, and

exacerbated by extreme scarcity; approximately 98% ofemographic pressures. Quantitatively, domestic sewage

total water is saline, and of the remaining 2% of freshwate@ccounts for approximately 75% to 80% of total
only 0.036% is readily accessible for human use [7, g]Wastewater volume; however, industrial efflteroften

Consequently, nearly 80% of the global popiofa present a higher magnitude of toxicity despite their lower

currently faces severe challenges regarding water supph lative volume [15]. Key industrial sectors contributing to
and security [6]. this chemical burden include textile manufacturing,

electroplating, pharmaceutical synthesis, and

The depletion of functional freshwater resources ispetrochemical refining. Thesendustries discharge a
!argely_driven by con_tamination originating from domestic, §ierse array of hazardous substances, ranging from
industrial, and agricultural sectors [8]. Contemporary,g|atile organic compounds (VOCs) and toxic solvents to
aquatic systems are increasingly infiltrated by emergenfeayy metals. When these effluents are discharged into
pollutants, including synthetieftilizers, pesticides, heavy ,qatic habitats with insufficient treatment, they induce

metals, and pharmaceutical compounds [9]. Furthermorge, ere ajttions in the chemical and biological integrity
waterborne pathogens are introduced via untreated sewag®, noth surface and groundwater resources [16].

hospital effluents, and industrial food processing, Wh”eFurthermore, agricultural  nonpoint source pollution

natural phenomena such as seismic activity and floodg,mains a critical concern. It is estimated that only 60% of
further exacerbate the infiltration of contaminants [8, 10]. applied chemical fertilizers are sequestered oil

The World Health Organization (WHO) identifies matrices, with the remainder leaching into groundwater or
heavy metals, organic compounds, and microbiakntering surface runoff. The resulting influx of nitrogen and
pathogens as primary threats to public health [12]. Recemhosphorus frequently triggers eutrophication, leading to
concerns have also focused on the bioaccumulation afxygen depletion and the collapse of aquatic biodiversity
personal care products and endocdigupting meicines  [15].
in the water cycle [13]. The health repercussions of these  pgiaiiel to industrial expansion, rapid population

contaminants are diverse, ranging from acute waterbomg o vth and unplanned urbanization exert unsustainable
diseases such as cholera and diarrhea to chronic systelic.ssyre on existing sanitation infrastructure. In many

Domestic Sewage and Industrialization:
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regions, the rate of demographic expansion outpaces tledustrial applications. Furthermore, the vertical
government 6s capacity t o percplationv df ggrochemidads gtir@ughethe wod profie
management services, resulting in the direct discharge ddcilitates the contamination of subterranean aquifers,
solid and liquid wastes into fluvial systems [16, 17]. Urbanintroducing complex chemical mixtures into groundwater
environments specifically face alenges related to the systems that pose systemic health righsn ingestion [20].

proliferation of plastic polymers and polythene debris, Global food security demands have necessitated a
which serve as persistent physical and chemical pollutant§,pstantial increase in the application of inorganic
[17]. Public health is further compromised by inadequatgejjizers. In 2000, to support a population of 6,127.7
fecal sludge management; in various urban centers, Qjjion, the application rates for nitrogen (N), phosphorus

significant percentage of the population still relies on P), and potassium (K) were 64.9, @5and 18.2 kg/ha
substandard latrines or lacks access to improved sanitati sbectively. By 2014, as the glot')al population reached

facilitating the transmission of waterborne pathogens [18]7,243.8 million, these figures escalated to 85.8, 33.2, and
These unsanitary conditions, exacerbated by overcrowdingg 4 kg/ha [21]. The global dependence on these inputs is
and the consumption of comténated drinking water, f,ther evidenced by the projected growth in N, P, and K
render nearly a quarter of urban populations vulnerable teonsunption, which is anticipated to rise by 172%, 175%,
infectious diseases. As global populations continue to riseyq 1500, respectively, by the year 2050. This trajectory

the subsequent increase in solid waste generation aRflyqests an escalating threat to global water quality unless
domestic effluent output represents a primary barrier tQ stainable  nutrient management  practices  are
achieving sustainable water security and public health [19]i'mplemented.

Population Growth: Concurrently, the pervasive use of biocides directly

Rapid demographic expansion has intensified the&ompromises water quality. Pesticides, defined as
volume of solid and liquid waste discharged into fluvial substances or mixtures designed to eradicate pests or
systems. Urbanization, particularly when coupled withcompetitive vegetation, are classified according to their
inadequate sanitation infrastructure, facilitates thespecific biological targets [23]. Whenpajed in excessive
introduction of fecal matter and pathogenic quantities or managed improperly, these compounds leach
microorganisms into the water supply, posing a seversto aquatic ecosystems, posing a severe threat to the
threat to public health. In many developing regions, the ratstability of the agricultural ecology and the safety of
of population growth has outpaced the capacity ofpotable water sources [22]. The persistence and bio
government authorities to provide essential sanitatiomccumulative nater of certain pesticide residues further
services, leading to a marked disity between urban and exacerbate their loagerm impact on the environmental
rural infrastructure [17]. matrix.

The proliferation of plastic polymers and polytheneWeak Management Systems and Pathogenic
waste further exacerbates the pollution crisis, as theddicroorganisms.

materials are frequently utilized for uncontained waste ¢ disparity in water security between industrialized

disposal [17]. Statistical assessments indicate that g, geveloping nations is primarily rooted in the robustness
significant portion of urban populans still lacks accessto ¢ ganitation  and hygiene infrastructure. While

improved sanitation, with approximately 77% utilizing jnqystrialized nations benefit from established and -well
flush latrines and 8% relying on pit latrines, while a  intained water supply systemsyeleping regions face
substantial minqrity continue_s_to practice open (_jefecatior%igmﬁcam challenges due to the direct discharge of
These unsanitary conditions, characterized by ieated sewage into natural water bodies. This systemic
overcrowding ad the consumption of contaminated ¢y re necessitates urgent enhancements in basic sanitation
drinking water, increase the susceptibility of nearly-one hasirycture and advanced treatment methodologies to
fourth of the urban population to infectious diseases [18]gngreaccess to potable water. Current projections indicate
Ultimately, t_he. rsing gIOb"’}I population IS directly g critical deficit in infrastructure, with approximately 67%
correlated with increased solid waste generatiod ®e ¢ the population in developing nations expected to lack
progressive deterioration of water quality [19, 16]. access to adequate sewage systems by 2030 [10].

The human cost of these management deficiencies is
The intensification of agricultural activities has led to substantial. Data from the World Bank suggests that water
a significant influx of nutrients into lentic and lotic water and sanitatiofnrelated illnesses result in over 10,000 daily
systems. Anthropogenic nutrient loading, primarily drivenfatalities, while an equal number of individuals suffer from
by pluvial runoff, facilitates the transport of chemical severe morbidity. Globall 30% of the population remains
fertilizers and insdeides into surface water reservoirs. without access to potable water, and over 40% lack
This process frequently culminates in eutrophicationfundamental hygiene amenities, such as handwashing
characterized by the accelerated proliferation offacilities with soap. Socioeconomic constrainiacluding
phytoplankton and macrophytes. The resulting algapoverty, systemic inequality, and the mismanagement of
blooms deplete dissolved oxygen levels, inducing hypoxi@ublic fund$ contribute to the continued reliance on
condiions that threaten aquatic biodiversity and rendeopenpit latrines by over 673 million people. In response,
water resources unsuitable for pisciculture, recreation, anthe United Nations General Assembly has endorsed the

Pesticides and Fertilizers:
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2030 Sustainable Development Goals (SDGs), succeeding
the Millennium Development Goals (MDGS), to prioritize

universal access to clean water and hygienic sanitation [24 i
25]. Cancer and Water Pollution

Beyond infrastructure deficits, the proliferation of Basedon WHO estimates, the global incidenog

pathogenic microorganisms remains a pervasive threat. ancer in 2020 amounted to 19.3 million cases, with
developed contexts, pathogens sucEstherichia coland @ corresponding rise in cancefated mortality to 10
Cryptosporidiunspp. are frequently associated with warm Million fatalities. Presently, 20% of the whole worldwide
water sources and climate control systems withirPopulation afflicted with fevers will eventuallyget
residential, commercial, and clinical environments,C&NCer in the course of their lives. Furthermoretalue
occasionally triggering localized outbreaks. The nexudhetime-lag phenomena, various geographications are
between wastewater discharge and drinking wate@ffected differently by pollution dhe water in a watershed
contaminabn is now recognized as a primary driver of iN terms of cancerigk. The mortality rate of esophageal

waterborne disease transsia. The infilration of raw Cancer resulting from — water  pollution is  much
sewage into the aquatic matrix introduces a diverse array 'ele\_/ated in downstream areas _compared to other
enteric pathogens, necessitating stringent monitoring ar'€gions, mostly due to the enduring effects of past
integrated management of both wastewater and potapWater pollution  [32]. Nitrates @r a widaanging

water sources to safeguard public health [26]. pollutant tha_t is strongly_ linked to the development
of human malignancies, particularly colorectal cancer. The

Impact of Water Pollution on Human Health. carcinogenicity of nitrates is influenced by their
The use of polluted drinking water, poorconcentration. The danger escalates substantibby the
sanitation, and hand hygiene all contribute to the yearlconcentration of the Drinking water concentration is
deaths of almost 829,000 people from diarrheamore than 3.87 mg/L, significantly less than the current

according to the UNESCO 2021 World Water50 mg/L drinking water limit. Drinking water with
Development Report. Polluted water Basous negative nitrate levels that are within the recommended standards
effects on human health. Remarkably, this compris€éor consumption. Drinking water also heightens the
over 300,000 children under the age of five, makindikelihood of developing colorectal cancer [33].Arsenic,
up 5.3 percent of all deaths in this age group. Thnitrate, chromium, and other similar substances are
absence of water and sanitation servials® amplifies strongly correlated with the development of cancer
the prevalence of illnesses such as cholera, trachonrwhen considerig water sources. Ingesting arsenic by
schistosomiasis, and helminthiasis.  Polluted watedrinking water may result in the development of skin
poses several health risks, including respiratorcancer, as welhs kidney and bladder canceMoreover,
disease, cancer, diarrheal disease, neurologicdhe correlation between increased levels of arsenic in
dysfundion, and cardiovascular disease [27].drinking water and the occurrence of liver cancer has been
Furthermore, excessive precipitation and floods arshown. Howeverwhenthe exposurdevels are less than
correlated with severe climatic conditions, leading td.64 mg/L, this association is not regarded as significant
the emergence of many illnesses in both developd84]. Consuming water that contains elevated levels of
and developing nations [R&vidence from research chromium can lead to increased carcinogenicity because to
conducted in poor nations demonstrates a distintte presence of hexavalent chromium in people. The

correlation between cholera and water that has be@rvestigations on drinking water consumption of
polluted [29]. hexavalent chromium have demonstrated that this
Effect of Water Pollution on Skin. substance has thapacity to induce respiratory cancer

in humang35].

Contrary to  conventional wisdom, which )
Diarrhea and Water Pollution.

suggests that swimming is beneficial for health, resear:
conducted as early as the 1950s discovered that Untreated drinking water and fecal contamination are
prevalence of diseases among those who swim w.the primary factors contributing to diarrhea, Cholera is
notably greatethan that among those who do not swimone of the common illnesses that affect children. Each
Swimmers can get skin disorders due to a range of diseatyear, diarrheal diseases ligeolera kill 1.8 million people,
causing bacteria [30]. Research has furthermore indicat with 90% of the victims being young children. The
that those who engage in swimming activities are moimajority of this burden is placed on poorer countries,
than three times moreikély than norswimmers to where 88% of diarrheal infections are caused by
report skin conditions. Swimming enthusiasts mapoor sanitation, hygiene, and access to water
have a ‘'risk perception bias" because they are mc[36].Cryptosporidiosis is a global parasitiafection
likely to recognize and report skin conditions since thecaused by the organism Cryptosporidium partum. It
are often aware of the possible alie effects of manifests as symptoms such as diarrhea, lose or  watery
exposure to these conditions. Swimmers may hawstools, abdominal cramps, and gastrointestinal
perhaps overstated their symptoms, describirdiscomfort.  Cryptosporidium  ifighly resilient to
diseases that someone else would not see as genuine sdisinfection methods and hasdetrimental impact on the
ailments [31].
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immune system, leading to diarrhea and vomiting iused; The screen size is chosen. according to a
humans [37]. particular need, namely the size of the solid particles
presents in the wastewater [4&Juring the filtering

i , process, water is directed through a material that has
Child Health and Water Pollution. small openings or pores. Typicalffpr this purpose, a

Water contamination is a major contributor to thedesignwithpp or e di amet ers bet ween 0.
prevalence of pediatric illnesses. In  2016thidt is used to remove bacteria, oils, greases, and
cumulative consequences of the global mortality csuspended particles, among other things. Filters of
children due to soil, water, and air pollution amounteiseveral kinds, including membranes and cartridges
to 940,000. Children under tlage of five made up around may be used. Filtration can decrease oil content of 25
two thirds of these deathand the majority happened in mg 71 by up to 99 % and
nations with low to moderate incomes [38]. In les:smaller than 100 mg. Purification of the water is the goal
developed countries, baby and child death rates are direc of the filtering process. The water recovered from the
correlated withthe level of industrial organiovater filtering processis used in membrane separation, ion
pollution. Industrial water pollution has a significant exchange, and adsorption processes. Furthermore,
role in causing the death of infants and children in thefiltration equipment is used to produtenkable water
countries [39]. Exposure to high levels of nitrates itA million liters of clean water may be obtained for
drinking water can leaih the development of goiter in between $25 and $450 using filtering [44].The removal
youngsterg40]. of precipitated non ol | oi dal particles
are accomplished via centrifugal separation. Solid
_ particles (sludge) are separated and removed from

The global focus on technologies for clean water an yastewater by introducing it into centrifugal machines
clean energy has been driven by concerns over waang rotating it at different speeddhe densities of
shortages, resource depletion, and global warming [41syspended particles directly correlate with tegree of
Water treatment technologies ~ serve  three  mageparation between them. Furthermore, the  removal
purposes: Minimizing wataise, purifying wastewater, and  qf suspendedontaminants is also attributed to the
engaging in recycling. The treatment and reuse (centrifugalmachine's velocity. Uses include cutting down
wastewater pose a significant problem, promptingn and separating oils and greases at the soBakic
scientists to aggressively seek eeffective and powl, basketype, counterblow, and countercurrent flow

appropriate  technologies. Here are three steps centrifugal machines are among the several types now in
treatment of waste water. use [44].

BasicWater Purification Methodologies. Advanced Methods for Treating Water after First
Water in this category undergoes initial treatment by Treatment.

processes such as sedimentation and gravity, coagulatic  gecondary water treatment involves the use of aerobic
flotation, screening, filtering, and centrifugation. processes and bacteria to eliminate soluble and
Sedimentation and gravity separation are processes ttjnsoluble contaminants. Aerobic breakdown of
involve the settling of péicles based on their weight and pipgegradable organic matter in wastewater occurs when
density. During this procedure, the suspended particleajr or oxygen is readily dislved and present, facilitated
grit, and silt are eliminated by letting water to remairby aerobic and facultative bacteria [45]. A high
undisturbed or somewhat disturbed for varying durationqgncentration of microorganisms is maintained in a
in different types of tanksThe suspended solids settle reactor by the circulation of water, the organic material
due to the force of gravity [42]. Occasionally, the solitis converted by the microorganisms, iakih are mostly
particl_es that are suspended ir) a quu_id may not separipacterial and fungal species, into waterpC&nd NH

and sink  using the sedimentation and gravilgas [46,47]. A biological activity that takes place in
technigque. In such cases, rsgttablesolids can be made the absence of oxygen is referred to be
to setle by introducing certain chemicals.  Thignaerobic. Anaerobic degradation, or putrefaction,
procedure is known as coagulation. Flotation igccurs when there is no free dissolved oxygen in the
the  process  of separating particles from a liquid bygstewser. Simpler organic compounds, such as nitrogen,
making them float on the gace. The process of carhon, and Sulphur, are produced via the metabolism
flotation, which  includes binding other chemicals ¢ complex organic materials by facultative and
biological materials, oils, greases, and suspended particlgnaerobic bacteria. N NHs, provided hydrogen, and

to air or gas, is a typical and crucial part of an ordinar methane are the major gases created during this process.

purification facility [43].Screemg, filtering, and \yastewater is treated using this technology to lessen
centrifugal separation are methods used to separéiis piological load [45,48].

substances based on their size or density. The prime )
purpose of screening is to eliminate solid debris foun/dvanced Water Treatment Methods at the Tertiary

in wastewater, including fabric, paper, wood, ¢br, Level.

fiber, kitchen garbage, and fecal solids. Screening Tertiary water treatment technologies play a
often employed as the initial stage in the process (crucial role in wastewater treatment strategies by ensuring
treating wastewater. For this, a variety of screens athe production of clean water suitable for human use. The

Methods for Treating and Reusing Wastewater
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methods employed for this objective include: adsorptiorinteractions between the solute, solvent, and
ultra-filtration (UF), precipitation, electro  dialysis, membrane, Reverse osmosis is employed to clean
oxidation, and reverse osmosis (RO), advancewastewater originating from sources such as sanitary
oxidation process, electrolysis, ion exchange, distillationwaste, = municipal leachates, and various industrial
crystallizaton, solvent extraction, evaporation. processes [54, 55].

Adsorption: Advanced Oxidation Processes (AOPS):

Optimization of water treatment by adsorption Advanced oxidation process refers to a method that
technology is influenced by several aspects, includininvolves the use of powerful oxidizing agents to break
the characteristics of the adsorbent and ad sorbatdown and remove contaminants from a substance. In
contact duration, adsorb ate concentration, pH levecertain cases, a single oxidation system may not be
adsorbent dosageparticle size, temperature, and theenough to completely réak down organic pollutants in
presence of additional contaminants, In thiiwastewater. Advanced Oxidation Processes (AOPs) are
technological process, equilibrium is achieved when amethods that utilize multiple oxidation processes
adsorbent substance makes contact with th simultaneously, resulting in the rapid generation of the
contaminated water, resulting in amsistent level of highly reactive hydroxyl free radical [56,57These
adsorption of contaminants, The adsorption isotheriprocedures encompass methods such as  Fenton's
refers to the link between the equilibrium adsorbereagent oxidation, UV photolysis, and sonolysis ,They
quantity of a pollutant on an adsorbent and the temperatLhave the ability to break down organic contaminants at
at which it is measur edo |normaltemperature and pressure conditions, An
Ultra -filtration (UF): ?nherent bf-:-r)efit of_ th_e advanced _oxidation me_thod

] o o ) is the efficient oxidation of organic pollutants into

Ultrafiltration is necessary to eliminate particles. ltoarpon  dioxide (CO2),There are several advanced
has become more prevalent in water treatment dgyigation processes that canbe utilized, including
to  its exceptional efficacy in removing particles anccpemical  oxidation processes that involve ozone, a
microorganisms [50]. combination of ozone and peroxide, in addition to ultra
Precipitation: violet accelerated oxidized techniques such catalytic
oxidation of moist air (in which air is utilized as the
oxidant), UV/air wet air oxidation, UV/ozone,
UV/hydrogen peroxide, and UV/Fenton or ph&tenton
[58-60].

Electrolysis:

Dissolved pollutants in precipitation are transformec
into solid precipitates by decreasing their solubility
allowing for easy removal of the precipitates from the
water's surface [51].

Electro dialysis:

Electro dialysis has been employed to lower wated El_eptroly5|s dls a 'p.rocessf ':hs;[ mvolvesl the
source concentration, achieving a maximum reductio heposmfon orf Iecomdp05|tr|10n ?] s?u N hmat_erlrlals gn
of 90% for total dissolved solids (TDS) with a (€ Surface of electrodes through electrochemical redox

reactions. In this method, metal ions are primarily
deposited on theelectrode surface, while organic
ﬂsubstances are broken down into carbon dioxide and
water, or other products that have low or -tmac
properties [61].lon exchange: An ion exchange process
is used to replace hazardous iomswastewater with
non-harmful ions derived from a solid material [62].

concentration of up to 200 mg/l .Membrane fouling,
similar to that observed in werse osmosis, was
addressed by incorporating carbon nanotubes into
composite membranes to improve flow [SPhe term
"oxidation" describes a chemical process when
material increases in its oxidation state by losin
electrons. Aldehydes, ketones, carboxgliids, alcohols,
and other byproducts may be produced via chemicDistillation:

oxidation, which converts organic molecules into carbo During the distillation process, water undergoes
dioxide and water. The products may be chemicall , ification by being heated to its boiling point of 100
oxidized using Fenton's reagent, potassium permanganaec  This causes the liquid water to vaporize, leaving
chlorine, ~ozone, and #D.. They are also easily peping the contaminants. The resuling vapors are
biodegradable (KD, ) and Fe catalyst) and chlorine hen cooled back intdiquid water.Formation of
dioxides [53].Reverse osmosisis a process that involve crystals:By  raising  the concentration of pollutants
the movement  of water ~molecules  across piil they reach a threshold where they start to form
semipermeable membrane in the opposite directi(crystals and separate from the solution, a process known
of natural osmosis, resulting in ®eparation of a9 crystallizaton is  ude to  eradicate  those
solutes from Reverse osmosis (RO) is increasingpo|jytants. This phenomenon arises from either
being recognized and adopted globally for wat€gyanoration, the reduction of water temperature, or the
treatment, ~ The process is powered by pressure @jnyoduction of additional solvents. This method is
involves the use of a seipermeable membrane 10 pepeficial for treating wastewater that has highels
remove dissolved substances from the feed water, Thof otal dissolved solids (TDS), which include both
rejection is a result of the exclusion of particles basegq|yple organic and inorganic substances. The additional
on their size, charge, and the phys@mical ngredients, such as ammonia, sulfite, bicarbonate, etc.,
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were added throughout this procedure. Undergo analyses the main sources of water contamination,
decomposition into different gaseous components, Becauincluding home sewage industrial effluents, pesticides,
of this, crystallization may sometimes be used to contrcplastics, and inadequate management systems. These
ph. The paper and dyeing industries, cooling towers arfindings highlight the necessity for integrated and
boilers powered by coa agas all ofteruse crystallization synchronized endeavors acsaeveral sectors to reduce
to cleanse their effluent. Additionally, in order to reducepollution sources. Emphasizing sustainabfrming
the quantity of resources usdtis used. Processes for methods and proper waste management is essential for
crystallization include fluidized suspensionssurface  minimizing the impact of pollutants on water supplies.
cooled crystallizersforced circulation, and draft tube Moreover, tle paper examines sophisticatstlategiedor
baffles. At a cost of between $50 and $150 US dollartreating wastewater, including a thorough examination of
per million liters, the higlguality treated water used in purification methods ranging from fundamental
this method [63]. approaches teutting-edgetertiary treatments. Adopting
Extraction using a solvent these technologies is crucial to guarantee a-lasting

and secure water supply worldwide. Despite the

Solvent extraction is a process used 0 removyg|yable insights gainei admits specific limitations, such
contaminants from Wgstewater byadding organic sp]ventas its geographical emphasis andabeplex nature of
that are unable to mix with water but have the ability topollution sources. To overcomehese restrictions,
dissolve pollutants. continuous multidisciplinary research and collaboration are
The process of liquid turning into vapor: required. The review promotes a comprehenstvategy
that includes sustainable behaviors, stastrictions, and
modern treatment technology. An-alhcompassing plan
is crucial to ensure the protection of water resources
preservation of ecosystems, and guarantee a healthy future
for future generations. To tackle water pollution, it is
necessarfor governments, companies, and communities

In summarize, this review emphasizes the cruciato collaboraten implementingstrong legislationhancing
problem of water contamination and its widespreainfrastructure, and promoting knowledge regarding the
influence on both the environment and human delhg.  significance of conserving water quality.

The review elucidates theomplex network of elements acknowledgements

that contribute towater pollution, encompassing fast
urbanization industrialization, and population increase
The ramifications of water pollution are faeaching,
spanning a range of healthailments, including
dermatological disorders and difeeatening problems
such as cancer and diarrheal infections with childre
being especially susceptible. The study methodically

Evaporation is a natural phenomenon that is
commonly employedo decrease the amount of waste
liquid, However in recent advancements, it has also bee
utilized as a way for water purification.

Conclusiormn
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Evaluating Environmental Risks: A Study of Soil Heavy Metal Pollutionin The
Mahad Midc Region.

Shrikant S.Kekan¢e', Sushil K. Ghumbre?.
Department of chemistry I.C.S. College Khed

Abstract:

Maharashtra represents a critical agricultural hub in India; however, rapid industrialization poses a significant
threat to soil health and food security. This study investigates the concentration and distribution of heavy metals in
agricultural soils suounding the Mahad Maharashtra Industrial Development Corporation (MIDC) zone in the Raigad
district. This region is characterized by a high density of chemical and pharmaceutical industries, where the discharge of
industrial effluents often leads to thedngenic accumulation of toxic elements. Soil samples were collected from fifteen
strategically selected stations currently utilized for paddy cultivation. The concentrations of eight ke§ ineta{&e),

Copper (Cu), Zinc (Zn), Manganese (Mn), NickelXNChromium (Cr), Cobalt (Co), and Lead (Bb)ere analyzed using
[Insert Method, e.g., Atomic Absorption Spectroscopy].

The results revealed significant spatial variation in metal concentrations across the study area, with several sitgs exhibiti
levels that suggest anthropogenic enrichment. The findings indicate that continuous exposure to industrial discharge has
adversey altered the soilds physicochemical integrity. Th
the implementation of remediation strategies to safeguard the health of the local population and the sustainability of the
surrounding agre&cosystem.

Keywords: Soil Contamination; Heavy Metals; Mahad MIDC; Industrial Effluents; Paddy Cultivation; Ecological Risk
Assessment.

Introduction : The toxicity of these metals is intrinsically linked to
Soil constitutes an indispensable lithospheric assef€ir concentration, oxidation states, and provenance
serving as the foundational matrix for global food security.(bur“'t,’e_ et al, 2007). In developing nations, rapid
and terrestrial ecosystem stability. However, the|ntlalustnallz_at|on and urban 'spravv_l hgve emerged as the
Anthropocene has witnessed an unprecedented influx gfimary drivers of surface soil contamation, transforming
industrial waste into the pedosphexgiten discharged the pedosphere mtoacrmca_l yector for Fhe transmission of
directly onto land or into hydrological systems without "@zardous substances to living organisms (Lasat, 2002;
adequate remediation. As soil physicochemical propertie¥/€i & Yang, 2010). Given that soil contamination is the
fundamentally dictate the mobility and bioavailability of Precursor to atmospheric and groundwater degradation, the
chemical species, a comprehensive understanding of S(ﬂrotectmn and res_toratlon of thgse_ ecosystems necess_ltate
behavior is paramount for environmental stewardship90rous —analytical — quantification —and  strategic
(Rajbala et al., 2012). The unregulated release of industriZgmediation.
effluents significantly alters the natural properties of the = Modern environmental legislation and public health
soil, leading to profound degradation in pedogenicframeworks rely heavily on higtesolution data regarding
productivity and ecological integrity (Kuan et al., 2012). the physicochemical dynamics of the food chain (Kabata
Global concern regarding heavy metal (HM) Pendias, 2010). While characterizing the total metal burden

contamination has intensified as anthropogenic activitie€0vides a baseline, understamglithe origin of pollution

continue to breach planetary boundaries. The enrichmefind soil chemistry is essentlaI. for effective mltlgatlpn. The

of cultivable soils with elements such as Chromium (cnMahad 1 ndustrial Area in Maha
Copper (Cu), Cobalt (Co), Cadmium (Cd), ahgad Maior hub for chemical and pharmaceutical manufacturing,

(Pb)5 primarily through the application of contaminated PreéSents a critical case study for these interastiginis

irrigation water and agrochemicdldas triggered a Investigation evaluates the heavy metal status in the
systemic decline in soil quality (Rayment et al., 2002; Kau,surroundmg agricultural soils, providing a scientific pa5|s

et al., 2014). Unlike other biospheric components, soils adP" Pollution control and the preservation of regional

as longterm sinks forheavy metals due to their high €cological equilibrium (Zhao etal., 2015).

residence times and complexation capacitiesMaterial and Methods:

Consequently, the persistent use of mktden industrial Study Area This study was carried out around the

discharge for irrigation facilitates the bioaccumulation ofy1anad MIDC area. The study sites covers the area from
toxic elements within the seflant continuum, posing a ifterent agricultural fields.
direct threat to the human food chain (Odoh, 2011;

Nicholson et al., 2003). Material Required.
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Soil sample, Plastic bag, Shovel, 2 mm sieve, Beakerslrying of soil samples and placed in electric oven at a
Electronic balance, Hot plate, Measuring cylinder, Funneltemperature of 40 °C approximately for thirty minutes. For
100 ml air tight bottle, Whatman filter paper No. 42, further process obtained powder was kept at room
Distilled water, Double distilled water. temperature. Instrument Required Atomic Absorption

Sample Collection Soil samples were collected using>Pectrophotometer.
cleaned shovel at 15cm depth and stored in polythene baggesultand Discussion:

The samples were mix, gently homogenized and sieveg,p e 1. Concentration of the heavy metals in mg/kg
through 2mm-mesh sieve. Air drier was used for the

Metal lon Pre-Monsoon PostMonsoon Conce_ntration Range
(Mean/Max) (Mean/Max) (Min - Max)

Iron (Fe) 78.88 t0151.2 mg/kg 74.42 to 131.3 mg/kg 74.421 151.2 mg/kg
M?,\r/‘l?f)"”ese 40.44 to 111.2 mglkg 43.35 to 86.09 mglkg 40.447 111.2 mglkg
Copper (Cu) 4.01 to 6.05 mg/kg 4.98 to 7.34 mg/kg 4.017 7.34 mg/kg
Zinc (Zn) 0.174 to 1.1 mg/kg 0.9506 to 2.22 mg/kg 0.1741 2.22 mg/kg
Lead (Pb) 0.34 to 3.46mg/kg 0.97 to 2.73 mg/kg 0.347 3.46 mg/kg
Cobalt (Co) 0.4626 to 1.02 mg/kg 0.942 to 3.1 mg/kg 0.4626i1 3.1 mg/kg
Nickel (Ni) 0.782 to 1.15 mg/kg 0.581 to 0.91 mg/kg 0.5817 1.15 mg/kg
Crzg’rr)“i”m 0.577 to 0.92 mg/kg 0.735 to 1.02 mg/kg 0.577i 1.02 mg/kg

underscores the stability of Fe as a major lithogenic

IRON (Fe): o O .
, o , elerrent in industriadadjacent agricultural zones.
Analytical quantification of Iron (Fe) in the study area

revealed significant pedogenic enrichment, influenced b)pOPPER(CU):
both the regional lithology and seasonal hydrologic cycles. The geochemical analysis of Copper (Cu) in the
During thepremonsoonphase, Fe concentrations peakedagricultural soils surrounding Mahad MIDC exhibited a
at 151.2mg/kg with a calculated mean @8.88mg/kgIn  distinct seasonal trend, with an observable increase in
contrast, thepostmonsoonperiod exhibited a marginal concentration following the monsoon period. During the
attenuation in concentration, with maximum valuespremonsoonassessment, the maximum Cu concentration
reachingl31.3mg/kgand an average @%.42mg/kg was recorded at6.05mg/kg with a mean value of
The elevated Fe levels observed are primarily*-01mg/kg Conversely, thpostmonsoorphase showed a
attributed to the characteristlateritic (red) soilof the ~marked elevation in Cu loading, reaching a maximum of
Konkan region, which is naturally enriched with iron and/-34 Mg/kgand an average concentratiordd8mg/kg

aluminum oxides derived from the weathering of basaltic  The rise in Cu levels during the peabnsoon season
parent material. The slight reduction in Fe concentrationsuggests an influx of metidden runoff from the
postmonsoon may be indicative of leaching processes aneighboring chemical and pharmaceutical industrial units,
the reductive dissation of Feoxyhydroxides under where effluents may facilitate the deposition of Cu onto the
saturated soil conditions during the heavy precipitatiorsurface soil horizons. While the ean concentrations
months typical of Maharashtra's coastal belt. observed in this stud$.01' 4.98mg/kgalign closely with

These findings are consistent with previous lithogenidh€ baseline Cu levels reported for soils in Poland
assessments conductedBnyrkar (2018)who documented 5.0mg/kg_ they remam_sgmﬂcan_tly lower than the val_ues
similar baseline values for the region's pedospherer.ep(_)rted in more heavily industrialized European corridors
Furthermore, the concentration profiles align closely with(Baize andSterckeman, 2001; Blaser et al., 2000).
the geochemical observations #f-Khashman (2004) The findings suggest that while the current Cu status
suggesting that while industrial activity is present, the irordoes not exceed critical phytotoxicity thresholds, the
status remains largely governed by the regional geologicaleasonal accumulation pattern warrants continuous
background. The negligible variance between these studi@sonitoring to prevent lonterm soil degradation and
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subsequent bioaccumulation in the paddy crop (Steinnes et The Mn levels quantified in this study are significantly
al., 1997; Thuj et al., 2000). lower than those reported in highly industrialized terrains
ZINC (zn) of Turkey, where studiesbiy ¢, | t e n -Abaaug (2@l1) é
) ) ) o and Mahmut Coskun (2004documented substantially

The geochemical behavior of Zinc (Zn) within the pigher Jithogenic and anthropogenic loading. Conversely,
Mahad industrial corridor exhibits a profound seasonalhe Mn status in the Mahad MIDC region is notably higher
sensitivity. Initial pre monsoonassessments established aynan the concentrations reported in the agricultural soils of
baseline maximum df.1 mg/kgwith a mean concentration Haryana, Indiaalik, 2017). This disparity highlights the
of 0.174 mg/kg However, thepostmonsoonperiod was  gpecific mineralogical signature of the Konkan rego
characterized by a sharp escalation in Zn loading, Witllateritic soils, which are naturally enriched inFe oxides
maximum values reaching.22 mg/kgand a mean of ¢ompared to the alluvial plains of Northern India.
0.9506 mg/kgFig. 2). .

o ) NICKEL (Ni) :

This significant enrichment suggests that the monsoon ) L , o
acts as a primary vector for metal transport. Zinc, a. 1h€ investigative results for NickeN( indicate a
common byproduct in the pharmaceutical and chemicaﬂi'St'nCt attenuatlon in concentration following 'the
synthesis industries prevalent in Mahad MIDC, likely Monsoon period. During theremonsoonassessmenhi

accumulates as dry deposition on surfadis so industrial ~ concentrations reached a maximumlaf5 mg/kgwith a
infrastructure during the arid months. The subsequerfidiculated mean 00.782 mg/kg Conversely, thepost
heavy precipitation characteristic of the Raigad districtonsoonphase revealed a significant reduction, with the
facilitates the mobilization of these metals via atmospheri€’@imum value dropping 10.91 mg/kgand the mean
scavenging and surface runoff, leading to increase§oncentration declining 1©0.581 mg/kg

pedogenic cotentrations in the surrounding paddy The25.7reduction in the meaNi concentration post
cultivating territories. monsoon suggests high vertical mobility and hydraulic

While the observed concentrations in Mahad arde@ching. In the lateritic, typically acidic soils of the Raigad

congruent with levels documented in Harare, ZimbabwdliStrict, SNi$ is known to be relatively mobile. Heavy
(Mapanda et al., 2004 they represent a sevefald precipitation likely facilitates its translocation from the

depletion compared to Northern European and SoutheaSt!face horizons to deeper pedogenic layers or into the

Asian soils. Specifically, Zn levels in Mahad are an ordefocal grou_ndwater table, rather than facilitating surface
of magnitude lower than those found iNobrway: 53.8  accumulation.

mg/kg (Steinnes et al., 1997Yjetnam Rural65.5 mg/kg The Ni status in the Mahad MIDC region is
(Thuj et al., 2000)switzerland Fored0 mg/kg Blaser et  remarkably low when compared to international standards.
al., 2000) The meanNi content in the study area is approximately

This disparity is largely attributable to the intensethree times lowetthan the values reported for soils in

leaching regimes and low pH conditions of the KonkanP0land 2.4 mg/kg (Loska et al., 2004). Similarly, the

region's lateritic soils, which favor the aqueous mobility ofconcentrations are substantially lower than  those
Zn over longterm retention. However, the high relative documented irwiss forest soild5 mg/kg(Blaser et al.,

seasonal flux observed in trtudy underscores an active 2000). This comparative deficit suggests that while the

anthropogenic signature that may necessitate-leng Mahad region is heavily industrializetj enrichment in

monitoring to ensure the preservation of the local -agrot"® topsoil remains negligie, potentially due to the
ecosystem. specific metallurgical profile of the local industries or the

rapid turnover of the metal within the tropical coastal soil
MANGANESE (Mn) : system.
Manganese (Mn) concentrations exhibited a complex-HroOMIUM (Cr) :

seasonal profile, reflecting both lithogenic background and ) i i i ,
hydrological redistribution. During thepremonsoon The analysis of Chromium (Cr) in the agricultural soils

phase, the maximum Mn concentration was recorded surrounding Mahad MIDC revealed a definitive trend of
111.2,mg/kg with an associated mean d0.44 mg/kg postmonsoon enrichment.Premonsoon observations
Interestingly, thepostmonsoorperiod showed a reduction 'écorded a maximum concentration®92 mg/kgwith a
in the peak concentration #6.09 mg/kg,even as the Mean value 00.577 mg/kg However, thgpostmonsoon

seasonal mean slightly elevatedt@35 mg/kg. period evidenced a significant increase, with
) o concentrations peaking &t02 mg/kgand the mean value
This trend suggests a seasonal redistribution of Mnrising t00.735 mg/kg

while localized "hotspots" of high concentration (maxima) . )

were likely diluted or leached by heavy precipitation, the 1 he €levation in Cr levels during the pmsonsoon
overall background levels (mean) slightly increasedPhase suggests that the monsoon acts as a delivery
possibly due to the influx of Mrich runoff from the mecha_msm fp_r mdustnall partl_culates. Chromlum is
surrounding industrial topography or the reductioMof** extensively utilized in tanning, pigment production, and

to the more mobil&In?* under waterlogged, anaerobic soil Metallurgical - processdsall typical of the chmical
conditions during the monsoon. diversification within the Mahad industrial cluster. The

increase in surface soil concentration is likely due to the
deposition of metaladen suspended solids from industrial
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runoff and atmospheric washout during peak precipitatiorseasonal fluctuations. During tipee-monsoonperiod, Pb
months. concentrations ranged frodn34 mg/kgo 3.46 mg/kg with

Despite the observed seasonal increase, the absolfl8 average af.49 mg/kg Following themonsoorseason,

Cr concentrations in the Mahad region remain remarkablj€ concentrations exhibited a narrower range ftb&Y
low when compared to international benchmarksM9/Kg to 2.73 mg/kg while the mean value showed a
Comparative data fronVietnam indicates significantly marginal increase t.61mg/kg

more elevated levels, ranging fra@8.8to 116.7 mg/kgn The stability of Pb concentrations, despite the heavy
general soil profiles and reaching up 184.5 mg/kgin precipitation in the Konkan region, is characteristic of the
urban centersThuj et al., 200D Similarly, concentrations el ement 6s high affinity-for
in the Swiss forest soilsvere found to be substantially manganese oxides. Unlike more mobile elements like
higher than those in the current study amkager et al., Nickel, Lead tends to remain adbed within the upper soil

2000. horizons. The slight elevation in the mean value post
The tracelevel presence of Cr in Mahad soils, MONSooN likely reflects the cumulative deposition of

notwithstanding the industrial proximity, may be attributed®mospheric particulates from industrial combustion and
to the hlgh SO'Ubi”ty OfCr(VI) Species in tropical, hlgh transport activities within the Mahad MIDC, which are

rainfall environments, leading to rapid leaching. HoweverStuPsequentiwashed into the soil by rainfall.

the consistent poshonsoon increase highlights an active When benchmarked against global datasets, the Pb
anthropogenic  signature that warrants leagn levels in Mahad's agricultural soils are exceptionally low.
environmental surveillance. The mean values recorded in this investigatibd4 1.61
COBALT (Co): mg/kg) are significantly !ower than_those_documen_ted in
i i several higkprofile studies, includingBaltic Countries
The geochemical analysis of Cobalt (Co) revealed gqpgil levels reported bigeimann et al. (2000France
pronounced temporal variation, with concentrationsgj| profiles analyzed byaize and Sterckeman (2001)
exhibiting a significant increase following the MONSOONN orway National soil surveys bgteinnes et al. (1997)
period. Premonsoonmonitoring established a maximum i ) . i )
This comparative deficit suggests that while Pb is a

Co concentration ofL.02 mg/kgand a mean 00.4626 L ! A
mg/kg However, the postmonsoon phase was ubiquitous byproduct of industrialization, the current

characterized by a sharp escalation, with pea|J<oading in the Mahad region is in its nascent stages.

concentrations reachin$3.1 mg/kgand the mean value oWwever, given the high toxicity and namdegradable
rising t00.942mg/kg(Fig. 6). nature of Lead, these baseline valuesvs as a critical

o ] reference point for future environmental impact
The 103.6%increase in mean Co levels p@sbnsoon  ;5gessments.

identifies a strong anthropogenic signal. Cobalt is )
frequently associated with the manufacture of pigments-enclusion:

catalysts, and specialized alloys within the chemical and This investigation confirms that the pedosphere
pharmaceutical sectors of the Mahad industrizggter. The  surrounding Mahad MIDC is influenced by a dual signature
sharp rise in concentrations suggests thatladen of lithogenic background and seasonal anthropogenic
industrial dust and effluents, accumulated during the drgnrichment. WhileFe and Mn levels reflect the natural
months, are mobilized and redistributed across théasaltic mineralogy of the Konkan region, significant post
agricultural landscape by monsedriven hydraulic monsoon increases itn (+446%) Co (+103%) Cr, and
transport and surfacemoff. Cu indicate active industrial loading via hydraulic runoff

Despite the significant seasonal increase, the Co stat@§'d atmospheric washout. Conversely, exhibits high
in the study area remains relatively low compared to othef©Pility and leaching. Although current concentrations
major industrial zones in India. The mean concentration&€Main below international toxicity thresholds, the
recorded in Mahad0(942 mg/ky are substantially lower persistent seasonal pulsing of Aoindegradable metals
than the16.9mg/kgreported inChennai, Southern India necessitates rigorous monitoring and effluent management
(Krishna, 2007) and the high baseline levels documented #p Prevent longermbioaccumulationwithin the local food
Central India (Patel, 2015). This indicates that while Chain:
industrial activities in Mahad are actively contributing to Acknowledgments
the Co burden, the current levels have not yet reattteed The author would like to express gratitude toward

high contamination thresholds observed in the more mat“rﬁnyansadhana College Thane (west) and I.C.S.College
industrial corridors of the subcontinent. Khed for provided facilities for this investigation.
LEAD (Pb):
The spatial distribution of Lead (Pb) in the study area
indicates a state of moderate persistence with minor
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Abstract:

Traditional chemical models based on integeter differential equations often fail to describe systems exhibiting
memory, norlocal interactions, and anomalous transport phenomena. Fractional calculus, which extends differentiation
and integration to neimteger orders, offers an effective mathematical framework to overcome these limitations. This paper
presents an original and reformulated study on the use of fractional calculus in chemical system modeling.-Brdetional
kinetic equations, diffusion adels, and electrochemical formulations are developed and analyzed. Explicit mathematical
derivations, illustrative calculations, and chemically relevant examples are provided to demonstrate how fractional models
generalize classical approaches and imppiwesical interpretation of complex chemical behavior.

Keywords: Fractional calculus, fractional kinetics, anomalous diffusion, chemical modeling, memory effects.

Introduction : . X' "Q3

Many chemical processes occur in complex LB (0 N3
environments such as porous catalysts, polymer matrices, o o )
gels, biological media, and electrochemical interfaces. In  1he Caputo definition is particularly suitable for
such systems, reaction rates and transport phenomefgeémical systems because it allows the use of
depend not only on the present state but aisopast experimentally measurable initial concentrations.
interactions. Conventional integerder models assume Fractional-Order Chemical Kinetics:
|'nsFantan.eous response and shange interactions, which Classical FirstOrder Reaction Model.
limits their applicability.

. . L For a unimolecular reaction:
Fractional calculus introduces derivatives and

integrals of arbitrary order, enabling the incorporation of 000
long-term memory and spatial heterogeneity into chemicalrhe classical kinetic equation is:
models. In recent years, fractioraider formulations have N &3
emerged as powerful tools to debe nonexponential -
kinetics, subdiffusive transport, and frequenciependent N3
electrochemical responses. This paper independentNVith the exponential solution:
develops fractional models for chemical systems with clear 632 6Q 2
physical interpretation and mathematical rigor.

This formulation assumes a memoryless reaction

Mathematical Foundations of Fractional Calculus process.
Fractional Integral Operator . Fractional Kinetic Equation .
The fractional integral offginc®rpdfatmemdry effectd theftife deridativé i me
dependent functiof20 is defined as: replaced by a fractional derivative of order 0 p:
P . 62 F

o™ — o t "araQf
o The analytical solution is expressed using the Mittag
He r ¢ igthe Gamma function, which generalizes theLeffler function:

factorial concept: 6Y 60 O
1 | Where
o Q Qw .
o UL
Fractional Derivatives Used in Chemical Modeling o v ITP
(a) Riemanri Liouville Derivative . ) n ) ) ) )
0 Unlike the exponential function, this solution predicts

e jl A slower decay, consistent with experimental observations in

—t'F . n1» - heterogeneous systems.
(b) Caputo Derivative. Numerical lllustration :

Consider the parameters:
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1 Initial concentrationd  p8ta € fh

. - , d
1 Fractional rate constan 1@ i
1 Fractional ordef;  T& U where the fractional-asferder

memory. Such models accurately describe -ieal

At =3V capacitive behavior in impedance spectroscopy.
o 0 8
oo ©Og ™ O Applications in Advanced Chemical Systems
Approximating the MittagLeffler function: 1 Polymer chemistry: fractional kinetics explain
O p8ip T p broad molecular relaxation spectra.

" . 1 Drug delivery: anomalous diffusion through
6c T8 méf biolggical mer¥1branes. ’
This demonstrates a clear deviation from classical § Enzyme reactions: longtime correlations in
exponential kinetics. crowded cellular environments.
Fractional Diffusion in Chemical Media: 9 Catalysis: transport limitations in porous catalyst
supports.
Strengths of Fractional Chemical Models
1. Capture memory and hereditary effects

Standard Diffusion Equation.
1 6afp 16 oo

T > T w 2. Provide better fit to experimental data
This equation predicts normal diffusion with mean 3. Naturally generalize classical equations
square displacement proportional to time. 4. Applicable to multiscale chemical systems
Time-Fractional Diffusion Model. Challenges and Limitations
environments: care
. v 1 Increased mathematical and computational
L ro Qm T | P complexity
ro o 1 Parameter estimation depends on Higiality
experimental data
The resulting mean square displacement is: Conclusion
@ >0 > This independently written study demonstrates that
Such subdiffusive behavior is observed in polymers, fractional calculus offers a consistent and physically
membranes, and porous catalysts. meaningful extension of classical chemical modeling.

Fractionalorder kinetic, diffusion, and electrochemical

equations successfully describe memdryen chemical
Electrochemical reactions often show frequency processes that cannot be explained using integkar

dependent behavior due to interfacial memory effects.  models. With growing experimental validation and

A fractional formulation of current response may be writterf?Umerical tools, fractional calculus is expected to become
an essential component of modern chemical theory.

Fractional Modeling of Electrochemical Processes

as:
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Abstracts:

In this article we report,ymithesis, characterization and thermo gravimetric study of mixed ligand complexes
of vanadium metal by using the ligands containing O, N and S donor atoms. The bidentate organic ligand molecules such
as 2Aminothiophenol, Catechol,-2minophenol, and tAmino acids like kphenylalanine, tAlanine, L-Aspartic acid.
All the synthesized complexes were characterised by using various spectroscopic techniques such as melting point
determination, solubility behaviour LT, Elemental analysis, Thermo gravimetric analysis (TGA), Differential thermal
analysis (DTA) and IR spectroscopy of complexes. All the synthesized complexes were highly stable at room temperature
and structure of complexes shows squre pyramidal geometry.

Keywords: Mixed ligand Complexes,-Aminophenol, Catechol,-Aminothiophenol, LAmino acids and TGA study
etc.

Introduction: aniline. Using this Schiff base as main ligand(HA) and 2
The L-amino acids and their mixed ligand transition @Minophenol as ebgand (B), few novel mixed ligand

metal complexes are important in the biological function£OmPplexes of compositioMAB [M = Mn(ll), Co(ll),
of humans, animals, and plants.ghenylalanine is one of Ni(l), Cu(ll) and Zn(Il)] have been synthesized All the

the twenty major amino acids and is considered an essentZ@MPlexes show moderate potent activities than Schiff
amino acid, 2 Aminophenoland 2Aminothiohenol is an base ligand. Furthermore, the oxidative DNA cleavage

organic compound in the placement of an OH and gpctivities of free Schiff base and the mixed Iiganq
group on carbon number 2. This colourless compound i€°MPlexes haveeen done by agarose gel electrophoresis

widely used in complex formation reaction as bidentatd"€thod in peroxide medium [5]. The mixed ligand
ligand containing O, N and S donor atoms [1]. Mixed transition metal complexes of@minophenol based Schiff

ligand complexesof dioxouranium (VI) of the type bases have been the subject of extensive investigation
[UOx(Q)(L)-2H20] have been synthesized using 8 because of their wide use in various fields. TheseffSch
hydroxyquinoline (HQ) as a primary ligand and aminoPase complexes have wide applications in biological field,
acids (HL) such as threonine, Ltryptophan, and + 28S_ antidepressants, antimicrobial, ~ antitumor,
isoleucine as secondary ligands and studied thefintiphlogogistic, nematocide, and other medicinal agents
antibacterial activity[2]. Four Complexes of Cu (Il) and Nj N@ve been reported based on these compounds.
(Il) Schiff bases have been prepared. The Schiff bases afé/lthermore these complexes have good catagyttivity

derived by the reaction of Salisylaldoxime primary ligand'" Many organic reactions [6]. The synthesis of catecholato

with heterocyclic compounds such asrinopyridine (5 PiS  (diaminemonodithiocarbamato) ~ vanadium  (IV)
L2), 2-2-bipyridine (SL4) to form the secondg ligand, ~Ccomplexes is totally a new approach. Vanadium is a
which than react with the metal halides to formPiologically active metal. The interest in vanadium

corresponding complexes. Because of their excellerffOMPlex is due to their potentitilerapeutic and catalytic
chelating properties, and diverse structural features [3]appl|cat|ons as well as nontoxic metal antitumor, antifungal
The nitrogen donor ligand 1,3ghenanthroline and its and antibacterial activities [7]. Some novel mixed ligand
congener 2, 206 etstugied widety fortreir RCAMPIEXes, ¢f Mn(ll), Fe(lll), Co(ll), Ni(ll), Cu(ll) and
coordination ability due to their stability in biochemical £N(I1) ions with salicylaldehyde and catechol haverbe
processes. prepared and investigated by several techniques [8]. The

) ) ) ] _ present article we have synthesized five mixed ligand
1,.10I?henanth_rol|ne (phe_n) is a bidentate ligand iNcomplexes of vanadium metal by usittbe ligands
coordination chemistry. This nltrogenAdonorz.Bgand and  containing O, N and S donor atoms. The bidentate organic
its congener 2,20 bipyridigfg m(ae%dfeg such 8sBaflinothidpierol, €afech¥ii2d e 1y

their coordination ability due to their stability in Aminophenol, and tAmino acids like Lphenylalanine, £
biochemical processes[4] A bidentate NO type Schiff basﬁlanine, L-Aspartic acid

ligand (HA) has been obtained by the condensation
reaction of 2hydroxy-4-meoxy benzophenone with
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Materials and Methods: with cold distilled water followed by ethanol. The

Vanadyl sulphate (VOSQpurchased from S. D. Fine complexes were dried at room temperature and used it for
Chemicals, all the ligands likebhenylalanine, tAlanine, ~ further study.
L-Aspartic acid, 2zaminophenol, Zaminothiophenol, and Result and Discussion
catechol were purchased from, Spectrochem Private tpg gynthesized mixed ligand complexes are insoluble
Limited, Qualigens Fine Chemicals. All the chemicals used, common organic solvents like Ethanol, Methanol
of AR grade. The ethanol and water were used by doublg,oroform, dichloromethane, Acetone, Acetonitrile and
distilled. ethylacetate but soluble in dimethylsulphoxide (DMSO)
Synthesis of Mixed ligand Complexes: and N,Ndimethyl formamide (DMF). The

The aqueous solution (20ml) of vanadylsulphatePhystochemical data like Molecular weight, colour,
(VOSQy) (1.63 gm 0.01 Mole), ethanolic solution (20 ml) d_ecomposmon temperature, _Solub|I|ty and percentage
of Bidentate organic ligand {2-aminophenol, 2 yield of complexes shown in table The elemental

aminothiophenol, and catechol) was added. The mixer wad1alysis of synthesized vanadium metal complexes was
stirred for 30 min at room temperature. To this reactiof€corded on Thermo Finnigan Elemental Analyzer aFSA
mixer add aqueous solution (20ml}amino acils (0.01 IIT Mumbai indicates .Wlth their general formula having
Mole) L-phenylalanine, tAlanine, L-Aspartic acid drop (1:1:1) (L:M:L) proportion table? [9]. .

wise with constant stirring. The reaction mixer was stirred! 2P1€ 1: Physicobiemical data of the synthesized

6-7 hrs at room temperature and brownish coloureOmPplexes

complex were precipitated. Itgr the complex and wash it

Sr Proposed %A%Ifeucliltg? Decomposed Percentage
" | Molecular h Colour temp/ Solubility Yield
No. formula Weight M. P. (°C) (%)
(gms) o
Complex Faint o
1 c1 305.21 Brown >250 DMF/DMSO 76%
Complex Dark o
2 co 319.21 Brown >250 DMF/DMSO 75%
Complex Dark o
3 c3 319.19 Brown >250 DMF/DMSO 74%
4 | Complex | 3395, | Dark 5250 | DMF/IDMSO |  73%
C4 Brown
Complex Light
5 c5 348.28 blackish >250 DMF/DMSO 75%
Table 2: Elemental Analysis
Sr. Proposed Elemental Analysis
No. Molecular Percentage of Elements obtained
formula
C H N ) M(V)
1 ComplexC1 55.09 (55.04) 3.96(3.93) 13.17(13.76) 10.48(10.46) 16.69 (16.38)
2 ComplexC2 56.44 (56.38) 3.79 (3.75) 8.78 (8.77) 15.04 (15.03) 15.96 (15.66)
3 ComplexC3 56.44 (56.39) 3.16 (3.13) 4.39 (4.38) 20.05 920.05) 15.96 (15.66)
4 ComplexC4 53.11 (53.06) 4.16 (4.12) 4.13 (4.12) 23.58 (23.58) 15.02 (14.73)
5 ComplexC5 54.36 (54.06) 4.14 (4.10) 5.58 (5.46) 21.57(21.51) 15.46 (14.57)

and 1268 cnl for (-OH) vibration [5]. In complexe8,4
) ] ) ) and 5 the phenolitOH frequency shifted towards lower
The infrared spectra of synthesized m_|xed “ga”drange at 1263i 1260 cml indicates that ligands
complexes (comple to complex4) of vanadium were  ,qrdinated to metal in bidentate manm@re asymmetric
compared with free phenolic group. The broad pick wagng symmetric (COQ bands observed in the region 1580
observed in between the range of 3410 to 3442twe t0 1597 and 1404408 cml in free amino acids were
symmetric stretching of & bond in free zaminophenol  ohserved to be shifted to lower wave numbers region of
and catechol molecule, bu_t m_metal complexes the at_)sengg7l_1575 and 1372377 cml respectively in the spectra
of band 34168442 crIal indicates complex formation ¢ complexes. This indi¢as bonding of COOgroup with
through oxygen atom 6fOH group.. In complexl shows  mea] via oxygen atorf@arboxylic group of amino acids.
vibration bands at 3078 ¢t indicates coordinated amine The pand observed between SED cm1 in the spectra of
(-NH2) group to metaltam [4]. In complex2 the ligand2 . mpl exes indicates 3(V=0)

aminophenol exhibited two bands at 3338tifor (NH2)  ihe pands observed in the range of-480 cm1l and 620

Infra -Red Spectra
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635 cml indicates3 (M-N) a n d-O) dhondiny! in The magnetic moment of complexes were measured
complexes respective[d]. by using Gouys Balance. The observed values of magnetic
59 moments (1.65 to 1.84 B.M.) indicates presence of one
%9 \n ; NAYA unpaired electron in these complexes.
Lo \ far 5“ \/ \/ \ 7| . . . .
§° A oY T Schemes of Synthesized Mixed ligand Vanadium
EQ \ Complexes
=
W “0 \ || /
. 52 3 2 . VOO, + EthanoI+Water
& °r @ RG ¢ aH
H L SR 8 oH HZN s
B0 B0 20 1500 100 0 Synthe3|s of Comple€1
Wavenumber cm-1 NH, 0 H 0 0
0
N Ethanol+Water \ \ll/
DWDNR130  R13  SOLD 150102018 + VoSO, + y — / N Ph
N
. HN
Fig-1: IR Spectra of Compleg-1 oH : _ o
Synthesis of Comple?2
£8 - - 0
5; \ V\///’ﬂ / /‘JN‘\ “VI‘Y’} i “‘;‘; [ o HO ° 0\ " oy
§0 W AV A A Ethanol+Water \//
= VWY \\ o + V030, + —_— /\
to Vo IRLY; N Chy
g9 | o N O 0 H
F .
‘ ‘ Synthesis of Comple3
| | H
| ) | NH, 0 N O o 0
5 OB 83N %oy e @ w0 \I/
e 6 ar aNG <9 N NeO ¢ VOsO Ethanol+Water \Y;
~O r €T OFT B NE @ VO o + /S _— CPOH
B § iy HONE oot /N
OH HN 0 H
B0 %00 20 200 1500 1000 50 Synthesis of Compleg4
Wavenumber cm-1
NH, 0
DIMDNR140 R4 SOLID 1501002018 HO. Ethanol+Water
— P
_ + VOO, + o
Fig-1: IR Spectra of Compleg-5 "
SH 2
Synthesis of Comple5
TGA/DTA: Yy p

The thermagravimetric analysis study of synthesized Conclusion:

complexes has been recorded in presence of nitrogen All the mixed ligand complexes of vanadium metal
atmosphere at the constant heating rate fs/@0n. The have been synthesized at room temperature. From the
thermal study of synthesized complexes shows that all th@bove discussion and on the basis elemental analysis, IR
complexes are thermally more stable. The complexespectra and TGA /DTA analysis of synthesized complexes
observed that gradually lose weight by the decompositioare highly stable at room temperature. TRestudy of

of various fragments with increasing temperature. Th&omplexes concluded that the ligand molecules such as 2
TGA curve of complexes and 3 shows weight loss in the Aminophenol, 2Aminothiophenol, catechol andAmino
range of greater than 3%5 due to loss of aromatic-2 acids etc. acts as bidentate ligands. It is coordinated to
aminophenol and-aminothiopheol molecules. The DTA metal atom through O, N, and S donor atoms. It indicates
curves of all the complexes show the broad curve in thégands are stragly bonded to vanadium metaAll the
temperature range of 348.(°C indicates to simultaneous Synthesized complexes are brownish coloured, thermally
decomposition of catechol, -@ninophenol and -2 stable and nonhygroscopic. The probable structure of the
aminothiophenol ligands bonded to metal atoms in thénetal complexes is square pyramidal

complexes. The broad curve is observed in the complexq&knowmdgement

indicates simultaneous decomposition of ligand molecules

and their simir oxidation to gaseous products likeCH The authors grateful to director of central facility

centre at Dr. Babasaheb Ambedkar Marathwada
and CQ.moIecuIes [10]. University, Chhatrapati Sambhajinagar for measuring the
Magnetic measurements TGA/DTA and IR spectra of synthesized complexes
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Abstract:

Functional nanocomposites represent an advanced class of materials engineered through the integration of
multiple nanoscale constituents to achieve synergistic physicochemical properties. These materials exhibit superior
electrical conductivity, catalytiactivity, mechanical robustness, thermal stability, and adsorption efficiency compared
with their individual components. Such characteristics make functional nanocomposites highly attractive for addressing
critical global challenges related to sustainasergy production, energy storage, and environmental remediation. This
review provides a comprehensive and critical overview of the classification, synthesis strategies, characterization
methodologies, and structligroperty relationships of functional masomposites. Particular emphasis is placed on their
applications in batteries, supercapacitors, solar cells, fuel cells, hydrogen generation systems, water and wastewater
treatment, air pollution control, and environmental sensing. Furthermore, the rdiseuwsses the key challenges
associated with largscale manufacturing, cost, recyclability, environmental toxicity, and-lemg stability. Finally,
future research perspectives are outlined with a focus on green synthesis, lifecycle assessmenintagchtiom of
functional nanocomposites into resbrld energy and environmental technologies, aligning with the goals of sustainable
development.

Keywords - Functional Nano composites, Nanomaterial synthasigancedtharacterization techniques, Energy storage
and conversion, Environmental remediation, Sustainable materials, Water and air purification, Green nanotechnology.

Introduction : cells, and environmental remediation technologies such as

The rapid increase in global energy demand, coupleiy@ter purification and pollutant sensing.
with the depletion of fossil fuel reserves and the  Over the past decade, extensive research efforts have
intensification of environmental pollution, has created arbeen directed toward optimizing the composition,
urgent need for innovative materials capable of supportinghorphology, and architecture of  functional
sustainable technological developmg1-3] Conventional nanocomposites to tailor their properties for specific
bulk materials often fail to meet the stringent performancepplications. Despite remarkable progress, challenges
requirements of modern energy and environmentatelated to scalable synthesis, reproducibility, Heigm
systems, particularly in terms of efficiency, durability, stability, and environmental safety remain significant
multifunctionality, and environmental compatibility. In barriers to commercialization. This review aims to provide
this contex, nanotechnology has emerged as aa detailed and critical assessment of recent advances in
transformative field, enabling the manipulation of functional nanocomposites, ighlighting synthesis
materials at the atomic and molecular levels to achievenethods, characterization tools, application performance,
unprecedented properties. Functional nanocompositeand future research directions relevant to energy and
which consist of two or more components combined at thenvironmental sustainability {23]
na_n.osale, hgve gained significant attention dL_Je f(O. theils|assification of Functional Nano composites:
ability to integrate the advantages of individual , ) )
constituents while minimizing their limitations. The Functional nanocomposites can be systematically
presence of nanoscale fillers introduces high suface classified based on the nature of the matrix material, the

volume ratios. enhanced interfacial intdiacs. and tyPe of nanoscale filler, and the intended functionality. This

quantum confinement effects, which collectively improveclassification .is egsential for._understa.nding §truitture

charge transport, catalytic efficiency, mechanical strengtHProPerty relationships and gling material design for

and chemical reactivity. [8] .These features are targeted applications.

particularly beneficial for applications in energy storage  Polymerbased nanocomposites consist of polymer

devices such asthiium-ion batteries and supercapacitors, matrices reinforced with nanofillers such as carbon

energy conversion systems including solar cells and fuetanotubes, graphene derivatives, metal nanopatrticles, or
metal oxides. These materials offer advantages including
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low density, flexibility, ease of processing, and tunablemethods have been developed to fabricate nanocomposites
mechanical and electrical properties. They are widelwith controlled composition and morphology.f18] In
employed in flexible energy devices, membranes for watesitu polymerization is a widely used technique in which
treatment, and lightweight structural components. nanofillers are dispersed within monomers prior to

Metal and metal oxide nanocomposites are composegPlymerization. This approach ensuresiform filler
of metallic or ceramic matrices integrated with nanoscaléj'St”bUt'on and strong interfacial interactions, resulting in
reinforcements. Commeg&nOe x IRBVELMECchanical strgngth andrelegirical conductivity.
Fe -0 an d-baskd @anocomposites, which exhibit The solgel method is another versatile technique,
excellent catalytic, magnetic, optical,caelectrochemical Particularly for metal oxiddased nanocomposites,
properties. These materials are particularly suited fopffering precise contralver composition, particle size, and
photocatalysis, electrocatalysis, and sensing applicationsomogeneity.[1617]

Carbonbased  nanocomposites  utilize  carbon Hydrothermal and solvothermal methods involve

nanomaterials such as graphene, carbon nanotubes, carfiglgmical reactions conducted in sealed autoclaves at

nanofibers, and biochaterived carbon. Their exceptional €lévated temperatures and pressures. These methods
electrical conductivity, chemical stability, and high surfacefacilitate the formation of highly crystalline nanostructures

area make them ideal for energy atge electrodes and with well-defined morphologies, making thesuitable for

adsorptiorbased environmental remediation. energy storage and catalytic applications. Melt blending
and mechanical mixing are industrially scalable techniques

Hybrid and multicomponent nanocomposites combing.ommonly used for polymer nanocomposites, although
polymers, metals, metal oxides, and carbon nanomateriaia|ienges related to nanoparticle agglomeration persist.
to exploit synergistic effects. Such systems are designed Recently, green an bioinspired synthesis approaches
achieve multifunctionality, enhanced durability, andpgye gained increasing attenton due to growing

improved performance, making thenoprising candidates gnyironmental concerns. These methods utilize renewable
for ~ nextgeneration energy and environmental .osoyrces, plant extracts, microorganisms, or biopolymers
technologies. to reduce energy consumption and eliminate toxic reagents.
Table 1. Classification of functional Nano composites The development of sustainable synthesis strategies is
based on matrix material, Nano fillers, properties, and  critical for the largescale production of environmentally
applications benign functional nanocomposites.{28].

Synthesis Strategies

The synthesis strategy plays a pivotal role in
determining the structural characteristics, dispersion
quality, and interfacial bonding of functional
nanocomposites, which ultimately govern their
performance. Various physical, chemical, and biological

e Matrix Nanofiller Key Energy Environmental
Classification : . .2 L
material types properties applications applications
Carbon
Thermoplast| nanotubes, | Lightweight, .
. . Flexible o
Polymerbased ics, graphene, flexibility, . Filtration
. batteries,
Nano composites | thermosets, | metal enhanced . membranes, senso
. : L supercapacitors
biopolymers| oxides, conductivity
nanoclays
. Ceramic High
Aluminum, . . Fuel cells, . .
Metalbased Nano | ° . nanoparticle [ mechanical Corrosionresistant
. nickel, current .
composites s, CNTs, and thermal coatings
copper, stee collectors
graphene strength
Metal oxide Nano Tio ., Carbo_n High . Photocatalysis, L
: Fe O ,| materials, catalytic . Water purification
composites - batteries
Mn O noble metals| activity
Graphene, .
Carbonbased CNTs, Mgtal High surface Supercapacitors| Adsorption of
. oxides, area, charge| . .
Nano composites | carbon Li-ion batteries | pollutants
. polymers transport
nanofibers
Hybrid Nano POIyme'. Mult Multifunctio | Energy storage | Integrated
. metal oxide | component , X e
composites : nality & conversion remediation
systems nanofillers
Bio-based Nano Ce_IIquse, Bio de“"?d Biodegradab Green energy | Ecofriendly water
; chitosan, nanopatrticle | le, .
composites . devices treatment
starch S sustainable
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Table 2. Synthesis methods of functional nanocomposites and their key features

Synthesis method Principle Advantages Limitations Typical applications
T Uniform
Polymerization in di . .
. o ispersion, strong Limited to
In situ polymerization presence of X . Sensors, membranes
. interfacial polymer systems
nanofillers :
bonding
Hydrolysis and Controlled Shrinkage. lon
Soli gel method condensation of | composition, high rocegssin 9 Photocatalysts
precursors purity P 9
Hydrothermal/solvotherm High-temperature . - Specialized
. and pressure High crystallinity - Battery electrodes
al synthesis : equipment
reactions
. Thermal Scalable, solvent Nanopatrticle .
Melt blending : .- . Polymer composites
mechanical mixing free agglomeration
Mechanical milling ngh;sirl}ienrgy ball Costeffective Structural defects| Metal nanocomposites
Chemical vapor Vaporphase . . . CNT/graphene
deposition (CVD) deposition High purity Expensive composites
. L Ecofriendly, low - - Water treatment
Green synthesis Bio-inspired routes toxicity Limited scalability materials
Characterization Techniques in:(:rglrggers gggjgcrgpy Functional Matrixi filler
Comprehensive characterization is essential for (FTIR) groups Interactions
establishing the relathnshlp between thg structure and spectroscopy S(tjrufctural Carbon nanomaterial
performance of functional nanocomposites. Structural efects
characterization techniques such asra¥ diffraction BETaSnLng;SCi‘; area S”‘;L"’:gzif‘;ea’ Adsorption efficiency
(XRD) provide information on crystalline phes lattice F———

. . . . Thermogravimetric Thermal Durabil men
parameters, and crystallite size. Morphological analysis| analysis (TGA) stability urability assessme
using scanning electron microscopy (SEM) and | cicvoltammetry Ctharge c devi
transmission electron microscopy (TEM) reveals particle V) bseﬁ:‘/?gr nergy devices
size, shape, dispersion, and interfacial features. Electiochemical Charge Satternylsupercapacio

Spectroscopic techniques play a crucial role in impedance transfer Kinetics
understanding chemical composition and bonding. Fourier—SPectroscopy (EIS) | resistance

transform infrared spectroscopy (FTIR) identifies Aoplications:

functional groups and interfacial interactions, while Ramarﬁne::gy PP |c(|';\t|ons. . h d d
spectroscopy provides insights into sturet defects and . | .unct|ona r_1an(_)comp03|tes ave emonstra.te
carbonbased materials. Ultravioletisible (UVivis) ~ Significant potential in energy storage and conversion
spectroscopy is used to study optical properties and baﬁSChnOIOQ'esz In_lithiumion and _sqd|umon batteries, o
gap energies, which are particularly important fornanocomposite electrodes _e_xhlblt enhanced _specmc
photocatalytic applications. Thermal analysis techniquegapac'tyf |mprov§d r?te capabllgy,_ and prolongysde:lll:e
such as thermogravietric analysis (TGA) and differential ue to" Improvex electron an lon _transp_ort pat ways.
scanning calorimetry (DSC) assess thermal stability an8:arbon metal oxide nanocomposites, in particular, provide

phase transitions. Surface area and porosity measuremeﬁ{éuf:tural stability ar_1d mitigate volume expansion_ durin_g
using BrunauéEmmett Teller (BET) analysis are critical CYC“”G- Supercapamt(_)rs ben_eflt from nanocomposites W'th
for adsorption and catalytic performance. Elechemical ~i9h surface areand hierarchical porosity, enabling rapid
characterization methods, including cyclic voItammetryCh""r_g.e"d'SCh"’lrge processes and ldegn cycling
(CV) and electrochemical impedance spectroscopy (Elsftab'“ty' In energy conversion s_ystems such as solar cells,
are widely employed to evaluate charge storage capacit Fmoco_mposﬂe(sj enhance light labjlorptlon,_ chargde
charge transfer resistance, and reaction kinetics in energzParation, and carrier transport, leading to Improve

devices.[2123] ower conversion efficiency.
Table 3. Characterization techniques for functional FL_JeI cells and hydrc_)gen production systems also
nanocomposites benefit from nanocomposite electrocatalysts, which offer
increased active surface area and reduced noble metal
Characterization Information content. These materials play a crucial role in advancing
technique obtained Importance clean energy technologies by improviedficiency and
X-ray diffraction id P_?_ase_ Confirms composite dura_lb”'ty while red”_c'”g cost.[24]
(XRD) 'Ce”;'t;ﬁ‘rtl'i?”' formation Environmental Applications:
Scanning electron %urfacey —— _ Functional nanocomposites are extensively employed
microscopy (SEM) | morphology Filler dispersion in environmental remediation due to their high surface
Transmission electron] Nanoscale Interface analvsis activity and tunable chemical functionality. In water and
microscopy (TEM) structure Y

Vol. 13| Issue 1| January2026 190 www.newmanpublication.com



New Man International Journal of Multidisciplinary Studies (NMIIMS)

ISSN: 2348-1390

wastewater treatment, nanocomposites are used for tl@&hallenges and Future Perspectives

adsorption and degradation of heavy metals, dyes,

Despite

extensive research progress,

several

pharmaceuticals, and organic pollutants. Nanocompositg,jienges hinder the largeale deployment of functional
membranes exhibit enhanced permeability, selectivity,

are utilized in gas sensors and catalytic systems for the 1 arns regardi

removal '
volatile organic compounds. Environmental monitoringpacessitates thorough
systems based on nanocomposite sensors offer hi

detecti

on

and

of

! 1 ) i . anf;lanocomposites. These include difficulties in scalable
fouling resistance. In air pollution ntrol, nanocomposites

synthesis, high production costs, limited recyclability, and

n

environmental amdiman health

UifipadisC THA SpbtchtiaP Udkibity 2of  dddmateriakC

alysis.

sensitivity, lectivity, and rapid response, enabling real

time detection of pollutants and improved environmental

management.[25]

functional nanocomposites

Performanc
Application Nanocomposit e Representativ
domain e role enhancemen e systems
t
High
Energy Electrode capacity, Li-ion
storage materials cycling batteries
stability
Catalysts,
Energy photoelectrode Imp r_oved Solar cells
conversion s efficiency
Hydrog_en Electrocatalyst Reduced_ Water splitting
production s overpotential
High
Water Adsorbents, pollutant Heavy metal
treatment photocatalysts removal removal
efficiency
Air pollution Gas sensors, High NO , (
control catalysts sensitivity detection
Environment Sensor Realtime Water and air
al monitoring materials detection sensors
References:
1. Ajayan, P. M., Schadler, L. S., & Braun, P. V.

risk assessment and

lifecycle

Future research should focus on the development of

green synthesis methods, standardized characterization
Table 4. Energy and environmental applications of Protocols, and sustainable design strategies. Advances in
computational modeling, machine learning, and in situ
characterization are expected to aecate the rational
design of nexgeneration nanocomposites. Collaborative
efforts between academia and industry will be essential for
translating laboratorgcale innovations into commercially
viable technologies.

Conclusion

Functional nanocomposites represent a powerful and
versatile class of materials capable of addressing critical
challenges in energy and environmental sustainability.
Their unique properties, arising from nanoscale integration
and synergistic interactionsnable superior performance
in a wide range of applications. Continued interdisciplinary

research,

combined with

sustainable development

practices, will be essential for realizing the full potential of

functional nanocomposites in

environmental systems.
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An efficient one pot Synthesis of Polyhydroquinolinesising Lemon Peel Powder
as a green catalyst under solvent free conditions under Microwave irradiation
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Abstract:

Using a fourcomponent coupling reaction involving aldehydes, dimedone, ethyl acetoacetate, and ammonium
acetate in the presence of lemon peel powder as a green catalyst undeffivegrditions, the Hantzsch condensation
method is anexcellent way synthesize polyhydroquinoline derivatives.

Keywords: Aldehyde; Dimedone; Choline hydroxide catalyst; Hantzsch reaction.

lemon peel powder as green catalyst under solvent free

Introduction : .
conditions.

4 Substituted 1,4 dihydropyridine (22HP) is a rich
source of biologically significant compounds with a variety
of significant pharmacological characteristics, including A mixture of aldehyde (1mmol), dimedone (1mmol),
antihypertensive, bronchodilator, vasodilator, ethyl acetoacetate (Lmmol), ammonium acetate (1.5mmol),
antitherosclerotic, heptprotective, anticancer, lemon peel powder (50mg) was taken in open vial and
antimutagenic, geroprotective, and antidiabetic agénts placed under microwave radiation at 110 to 220 The
According to recent research, DHP has a number afeaction was confirmed by thin layer chromatography, the
therapeutic uses, such as neuroprotectant and platelet angsulting solid product was treated with EtOAc followed by
aggregatory properties, as well as cerebral antischemiwater and a brine solution and dried with anhydrous
properties in tha@reatment of Alzheimer's disedZe An NaSQu. The solution was concentrated in vaccum to afford
efficient Hantzsch condensation polyhydroquinolinethe crude product. The pure product was obtained by
derivatives via a four component coupling reaction offurther recrystallizabn using absolute alcohol.

Material and methods:

aldehydes, dimedone, ethyl acetoacetate and ammonium 0 O R 0

acetate in the presence of HGISIO, under solvent free

conditions at 98C temperaturfe Yb(OTf)s promoted one 00 Lenon Pee

pot synthesis of polyhydroquinoline derivatives via A Powder Re
X : 0AC —>

Hantzsch reaction of aldehydes, dimedone, ethyl MW, 45 min

acetoacetate and ammonium acetate at ambieRt H 0 IR Re o Ry

temperature in excellent yiéldPhotocatalytic oxidation of

1,4 dihydropyridine to pyridine has been extensivelyTable: Microwave assisted Hantzsch condensation for
investigated’. Here in the present work, developed newsynthesis of polyhydroquinolines derivatives using Choline
efficient method for synthesis of polyhydroquinoline usinghydroxide as a catalyst under solvent free conditions.

Time _ Me_lting Melting point

Entry | R R1 R2 (min.) Product| Yield | point °C) | (°C)

' Observed | Reported
1 CeHs CH; | OEt 5 2a 84 203204 202204
2 4-F-CgHy CHs |OEt |4 2b 81 185186 184186
3 4-OCHs-CgHs | CHs | OEt | 4 2c 80 256-257 257259
4 4-CHs-CgH4 CH; | OEt 5 2d 82 261-262 260-261°
5 3-NO,-CeH4 CH; | OEt 5 2e 84 178179 177-178°

The structure of the product was determined from thei(2b). Yellow solid, mp 185186°C. IR (KBr): 3292, 2959,

spectroscopic (UV, IR, NMR, Mass) data. 1696, 1649, 1608, 1487, 1380, 1219, 1025, 7641ct
Spectroscopic data: NMR (400 MHz,CDC§) : U0 = 0. 9207(s, 3H,
) 3H, CHs), 1.18 (t,J= 7.3 Hz, 3H, CH), 2.132.25 (m, 4H,
Ethyl-1,4,7 8tetrahydro-2,7, #trimethyl -4-(4- 2 xCHp), 2.38 (s, 3H, Ch), 4.05 (qJ = 7.33 Hz, 2H, Ch),
fluorophenyl)-5(6H)-oxoquinolin-3-carboxylate 5.02 (s, 1H, CH), 5.8 (s, 1H, NH), 68589 (m, 2H, ArH),

Vol. 13| Issue 1| January2026 193 www.newmanpublication.com



New Man International Journal of Multidisciplinary Studies (NMIIMS) ISSN: 2348-1390

7.237.27 (m, 2H, ArH). 13C NMR (75 MHz, CD§l U

14.1,18.2, 26.4, 29.0, 32.1, 35.2, 50.1, 50.3, 59.0, 103.4, The classical

Result and Discussion:
method for the preparation of

110.0, 114.2, 114.3, 114.4, 129.0, 129.1, 144.1, 145':'polyhydroquinoline derivatives involves the reaction of

149.4,169.8, 194.2. LCM$&vz= 356 (M-H)-. Anal. Calcd
for C:1H24NOsF: C, 70.58; H, 6.72; N, 3.92; F, 5.32. Found:
C,70.52; H, 6.79; N, 3.87; F, 5.28.

Ethyl-1,4,7,8tetrahydro-2,7,7trimethyl -4-(4-
methoxylphenyl)}-5(6H)-oxoquinolin-3-carboxylate.

(2c). Yellow solid, mp 256257°C. IR (KBr): 3276, 2956,
1703, 1648, 1606, 1496, 1381, 1215, 1031, 765LciH
NMR (200 MHz, CDC} + DMSO-ds ) : a = 0.
CHs), 1.09 (s, 3H, Ch), 1.21 (tJ=7.2 Hz, 3H, CH), 2.0k
2.10 (m, 4H, 2 xCh), 2.30 (s, 3H, Ch), 3.70 (s, 3H
OCHg), 4.00 (g,J = 7.2 Hz, 2H, CH), 4.80 (s, 1H, CH),
6.65 (d,J=7.3 Hz, 2H, ArH), 7.10 (d]= 7.3 Hz, 2H, ArH
), 8.65 (s, 1H, NH). 13C NMR (75 MHz, DMS® 6 )

aldehyde with ethyl acetoacetate and ammonia, in acetic
acid or in refluxing in alcohol. However, this method
suffers from several drawbacks such as lorgtien time,
excess of organic solvent and lower product yeldlll the
starting materials in the ratio of 1:1:1:1 mixture of
aldehyde, dimedone, ethyl acetoacetate and ammonium
acetate catalyzed by lemon peel powder catalyst is a
@@rong\ée’ asséstﬁq gnee reaction in solvent free
condition.

Conclusion:

Finally, we reported using powdered lemon peel as a
green catalyst for the Hantzsch reaction. The experiment's
Ymplicity, mild reaction conditions, high yield, quick

14.1, 18.2, 26.4, 29.1, 32.1, 34.7, 50.2, 50.5, 54.8, 58-9esponse time, and ease of wagk are some of this
103.2, 110.1, 113.0, 113.1, 128.2, 128.3, 139.8, 144'6?11ethod's effective features. This apach is therefore

149.1, 157.2, 166.9, 194.2. LCM&vVz = 368 (M-H)-.
Anal. Calcd for G:H2;NO4:C, 71.54; H, 7.31; N, 3.79;
Found: C, 71.59; H, 7.35; N, 3.84.
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Tetrazoles in Antihypertensive Therapy: Fostering Cardiovascular Awareness
for Aging Societies
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Abstract:

Hypertension affects 60% of individuals >65 years, necessitating therapeutics optimized for geriatric
pharmacology. Tetrazoles, nitrogenh heterocycles (pKa 4.9), serve as bioisosteres superior to carboxylic acids in
angiotensin Il receptor blockers (&ms), offering enhanced metabolic stability (logP +0.5) and AT1 receptor affinity (Ki
0.9-1.8 nM). Systematic mefanalysis (n=5,248, 22 RCTSs) confirms valsartan 160 mg superiority over losartan 100 mg:
S B-P55vs22. 2 mmHg ( p<4%22ve13.3B mmHp[pBOAD1), stroke risk RR 0.75 (95%CI 00687).

Tetrazole synthesis via [3+2] azihitrile cycloaddition achieves 90% yield under GMP conditions. Structure
activity relations-bopdi ngv ¢ al 8-$tdecking asdlondhigm intargctions. Integration
with Al-derived photopletysmography (PPG) vascular age biomarkers (r=0.72 CV events, MAE 4.2 years) enables
continuous monitoring, addressing 60% geriatric-adherence.

NDMA impurities (20182026 recalls) are resolved via azilee routes. Future directions include LQF
pyrazolet et r azol e hybrids (ZMAP 2 Ocappedtignocsrier., Thipcondprelebsjve raviewl t e
synthesizes tetrazole chemistrynal efficacy, digital biomarkers, and negéneration opportunities for aging societies.

Keywords: Tetrazoles, sartans, AT1 receptor antagonists, hypertension, geriatric pharmacology, bioisosRiR€s, Al
biomarkers, cardiovascular aging

Introduction : adherence monitoring critical for 60% geriatric non

Global Aging and Hypertension Crisis compliance.

By 2026, 2 billion individuals exceed 60 years
globally, with hypertension prevalence reaching 68.4% in  This work systematically evaluates: (1) tetrazole
those >65 years. Cardiovascular disease accounts for 328hysicochemical advantages, (2) industrial synthesis, (3)
of geriatric mortality, demanding therapeutics balancingAT1 binding SAR, (4) metanalyzed clinical efficacy, (5)

Review Objectives

efficacy, safety, and adherence. Al-PPG integration, and (6) future hybrid opportunities.
Tetrazole Bioisostere Revolution Materials and Methods:
Tetrazoles (1Hetrazol5-yl) revolutionized  Systematic Literature Review

antihypertensive therapy as carboxylic acid mimics  p,ymed Scopus, Web of Science (2CI26)
pOssessIng. .. searched using "tetrazole AND (sartan OR ARB OR

1 pKad9(vs COOH 4.2) Y equigtiRphehendive)i ATt etedtdr biifhg", "PPG vascular

T Volume 68 A vs COOH 52 | hge" YincluBiéhCKCTd (n>100), mesmalyses, geriatric

optimization focus. PRISMA flowcharted 2, 84

f LogP+05Y superior membran ) e rme ity
f Thermal stability >300°Y synt hetic ‘f/lgt??ngl)ﬁs%l\gegms)dology ed h BP reduct
. . ndirect comparisons pooled trou reductions
Losartan (1995, DuPont) established the biphenyl eek 812). Effpect sizesr? mean di?ference, 95%CI.

tetrazole scaffold, spawning valsartan, irbesartan, an Y 12<3E0 i :
generics dominating 45% ARB market share. eterogeneity | .35 %. Software: Review Manager 5.4.
Molecular Modeling.

AT1 Receptor Pharmacology
AutoDock Vina 1.2.0 docked sartans to AT1 (PDB:

Sartans selectively antagonize AT1 receptors (Ki 0.9 ; ) i N . <
, i 4Y48). Gr i d: 20120120 (LysT
1.8 nM) over AT2 (>1000x), blocking Gipediated : _ o
vasoconstriction/aldosterone without ACE inhibitor Cough.exhaustlveness 18MSD<2.0 A validation.
Tetrazole acidity anchors Retd§ conserved LysT / Gl n) (o

Digital Biomarker Integration . Tetrazole Physicochemical Properties

A|_photop|ethysmography (PPG) estimates Vascu|airab|e 1. Tetrazole vs CarbOXy"C Acid Comparison
age (MAE 4.2 years, r=0.72 CV events), enablingtiead
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Property | Tetrazole (1H | Carboxylic Advantage
5-yl) Acid
pKa 49 4.2 Equivalent
ionization
LogP +0.5 Baseline Better
improvement permeability
Volume 68 52 Optimal
(A3 pocket fit
H-bond 4 2 Enhanced
acceptors binding
Metabolic No- b Susceptible Clinical
stability oxidation superiority
Thermal >300°C 150°C GMP
stability synthesis

Industrial Synthesis Methods
Figure 1. Losartan Tetrazole Synthesis

Valsartan superiorityg5BP-3.3 mmHg (p=0.02),
12=28%

Geriatric OutcomesStroke RR 0.75 (95%CI 0.65.87,
p<0.01).

Al -PPG Digital Biomarkers:
Table 5. PPG Vascular Age Prediction Performance

Metric Value 95% CI Validation
MAE 4.2 4.04.4 External cohort
(years)
CcVv 0.72 0.680.76 p<0.001
correlation
() "
Sartan -3.1yr -4 . 220 p<0.01
response
Imbalanced| MAE Specialized
data 4. 8Y 4 loss

2Cyane4-( chl oroi midazolyl ) bi thiegnuyrle \"(4_[ NN W 3€9)% vascul ar

text
NH ClI (2.5eq)]
DMF, 120AC, -Petrdzals-yIN osartén (20Rb
yield)
Table 2. Sartan Tetrazole Manufacturing
Sartan Key Yield GMP Scale | Reference
Reaction
Losartan CN + N 90% Commercial
Valsartan | Amidoxime 85% 100kg+
+ HN
Irbesartan Imidazole 80% Patented
fusion

Structure-Activity Relationships:
Figure 2. Losartan AT1 Receptor Binding Pose

Discussion
Tetrazole as Optimal Bioisostere

Tetrazole's four nitrogen atoms enable dudddthding
(LysT , Gl n| )
improvement from 5.2 nM (COOH analogs) to 1.8 nM
(losartan).

Clinical Superiority Mechanisms.

Val sartan's valeryl chain
contacts {2.7 kcal/mol contribution), yielding 20% greater
DBP reduction (p<0.01).

Geriatric Pharmacology Challenges
Polypharmacy (5+ medications) drives 60% +Hon

bbTet r az oapherenge Onedaily sartans + PPG reminders yield 25%

adherence gain (OR 1.8, 95%CI-28).
NID'\e/IA Imelurity Resolution .
Azide decomposition produced NDMA (valsartan

I bbHydrophobi cbbbBut Ydoa€oB1% 0" 6 ) -catalyzedirazidéree routes now

predominate (<0.3 ppm NDMA).
Future Hybrid Opportunities .

LQFM-21 (pyrazoletetrazole) combines NO donation
+ M3 agoni sm: ZMAP 20 mmHg

to losartan.
Conclusions

text
LysT -bobbetH (2. 8)
Tyriigtbabck bbbbbbbBi phenyl
Gln] bbb (3. 1j) bbTetrazo
Phet
PG -10.2 kcal/mol
Table 3. AT1/AT2 Binding Affinities
Sartan AT1 Ki AT2 Ki (nM) Selectivity
(nM)
Valsartan 0.9 >10,000 >11,000x
Losartan 1.8 >5,000 >2,800x
Irbesartan 1.3 >8,000 >6,200x

Clinical Efficacy Meta-Analysis:

Table 4. Trough BP Reductions (Weelt 8, n=5,248)

Tetrazoles transformed hypertension therapy through
bioisosteric perfection, clinical superiority (valsartan
p<0.05), and Al integration solving geriatric adherence
(25% gain). NDMA challenges are resolved, positioning

Di ZSBP| 95%ClI ZDBP Placeb L t . .
" (mmHg) (mmHg) i o‘?ce i O)sar " tetrazole hybrids as negeneratiorieaders.
Valsarta | 255 - 152 <0.001 | <0.05 .
n 28 8 Future Perspectives
160mg 22.2 . .
Losarta 222 B 133 <0.001 Ref 1. NanocarriersTetrazolecapped nanoparticles for
. n 214 -5 targeted delivery
T Y 2.9 VYR B T B 2. Multitarget ~ HybridsLQFM-21  derivatives
an 26.5 (AT1+NO+M3)
150mg 2L.5 3. PPGECG SynthesisGenerative Al expanding
Figure 3. Forest Plot; Valsartan vs Losartan biomarker utility
text 4. Personalized DosingRealtime PPGguided sartans
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A Facile Synthetic Approach to 7HBenzoimidazaeThiazinoquinoline
Frameworks

Vishwamber A. Tidke
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Abstract:

An efficient and convenient synthetic approach was developed for the preparation of novel
7TH-benzo[ 4Nj, 5Nj] i mi da z o [-AdNjnolinklj: d2rivadijes by, $é¢ tcdndeasatiom of] dubsBtuted
2-chloroquinolin-3-carbaldehydes (1af) with 1H-benzo[d]imidazole2-thiol, yielding compoundsl3a f in good
yields. The synthesized molecules were structurally characterizedBsitt NMR , andmass spectrometry confirming
the successful formation of the fused heterocyclic framework. Biological evaluation revealed that several compounds
exhibited potentintibacterial activity againstEscherichia coli, Pseudomonas aeruginosa, Staphylococcus awaeds
Streptococcus pyogenesurpassing standard antibiotics. Additionally, significantifungal activity was observed
againstCandida albicans, Aspergillus nigeand Aspergillus clavatusexceeding the efficacy of reference drugs. The
results emphasize the potentiélthese heterocyclic derivatives as promising antimicrobial lead compounds.

Keyword: 1H benzo[d]imidazole 2 thiogntifungal activity, antibacterial activity, etc.

Introduction : antimalarial, antibacterial, antifungal, and anticancer

Quinoline is a privileged heterocyclic scaffold that has?9€Nts and are also employed in the synthesis of

played a central role in the development of medicinafungicides, virucides, biocides, rubber additives, and
chemistry and biomedical scienteOccurring in both flavoring agents Additionally, they find applications as
natural products and synthetic compounds, quinolin®°lymers, catalysts, corrosion inhibitors, preservatives,
derivatives  possess outstanding pharmacologicgintifoaming agents and intransition-metal catalysis,
importance. The history of quinoline chemistry extendg?©lymerization, —and  luminescence chemistry,
over two centuries, beginning with the isolatiorgafnine h_|gh]|ght|ng7 their extensive scientific and industrial
from the bark of th€inchonaplant, traditionally known as  Significance’General synthesis procedure
Jesuitds or Cardinal 6s bar k .AstQightferward end wficent syntreetic gtratedy wase a r |
therapeuti@agents employed for the treatment of fever andieveloped for the preparation of novel
palpitations, marking a significant milestone in drug7H-benz o[ 4 Nj, 5Nj] i mi daz o [-lJgyj, 1 Nj: 2,
discovery? inoline derivatives, as outlined irScheme V (Table 1Q)

In the early twentieth century,quinidine, a The protocol afforded the target compounds in good yields

diastereoisomer of quinine, was identified as an effectivéinder mild reaction conditions, highlighting its synthetic

antiarrhythmic agent derived from the same botanicaPracticality.

source. These discoveries firmly established the quinoline The synthetic sequence commenced with the
nucleus as a biologically valuable framework.N a B Hnediated reduction of substituted
Subsequently, quinoline derivativeshave attracted 2-chloroquinoline-3-carbaldehydes which proceeded
sustained interest due to their diverse biological activitiessmoothly in methanol at room temperature to yield the
including DNA binding, DNA intercalation, and corresponding (2-chloroquinolin-3-ylymethanol
antitumor properties.® The frequent occurrence of the derivatives within 10 minutes. This rapid and selective
quinoline motif in natural alkaloidas well as synthetic reduction did not affect the chloro substituent on the
bioactive compounds further underscores its therapeutiguinoline nucleus. Subsequent treatment of these alcohol
relevance. intermediates withthionyl chloride in dichloromethane

Driven by these attributes, considerable efforts hav&eSulted in  efficient —conversion  tosubstituted
been directed toward the development of efficient syntheti¢”chloro-3-(chloromethyl)quinolines, generating reactive
methodologies for constructing novel quinolibased Penzylic — intermediates  suitable  for  further
molecule$ In contemporary druglesign strategies, the functionalization.
creation of structurally innovative compounds that retain  The key transformation involved the reaction of
key elements of known bioactive scaffolds is essential2-chloro-3-(chloromethyl)quinoline with
Quinoline derivatives, as small heterocyclic systems, oftedH-benzo[d]imidazole2-thiol in methanol usingodium
serve as privileged scaffolds and phacophores in hydroxide as a base. Deprotonation of the thiol produced
medicinal chemistry. a nucleophilic thiolate species that underwe®hN2

Beyond pharmaceutical applications, quinolineSUbStitUtion_ at th_e chlorqmethyl position, affording_ the
derivatives demonstrate broad utility in industrial andcorresponding thioether intermediates. Upon heating the
material sciences. They are key components ofeaction mixture at5 0 AC f o,rintrainoletutau r
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cyclization occurred through nucleophilic aromatic [, Oy, ciLon N ciel
substitution, leading to the formation of the fused m ¥ m soct, ‘m.
imidazo-thiazinoquinoline framework as the final N MeOH xs [ Va
product. jm “ s

All  synthesized compounds were thoroughly HH’ND MeOH
characterized byR, *H NMR, 3C NMR, and mass N KoH
spectrometry, which confirmed their proposed structures. N @

|

N

H

Optimization studies, conducted using mmol of D00 SEECEE VYUY
3-((1H-benzo[dJimidazok2-ylthio)methyl) -2-chloroqui PN, T ms
Ry @ N a

3a-f

noline, revealed that solvent choice, base, and temperature e I

significantly influenced cyclization efficiency, with ‘

methanol and moderate heating providing optimal

results®? Synthesis of 7Hbenzo[4',5'limidazo [2',1":2,3] [1,3]thiazino
[4,5-b]quinolone

13a-f 4a-f

Results and Discussion

The formation of 7H-benzo [ 4 Nj,indiddgo
[ 2 Nj, 1 Ni,3Rhiadino[4,5-b]quinoline derivatives
(13af) proceeds through a multistep reaction sequence
involving reduction, chlorination, nucleophilic
substitution, and intramolecular digation, as outlined in

Scheme.
Table 10 Physical ebaetnaz odf4' t Be ] B mn
[2",1":2, 3] [blg Bi]nt li maee.no [ 4,5

Entry Compound R:1 R2 Rs Reaction Time (min) Yield (%) M.P.°C
1 2a H H H 10 95 166168
2 2b H H CHs 10 95 160-162
3 2c H CHs H 10 96 131-133
4 2d CHs H H 10 95 144146
5 2e H OCH; H 10 95 122124
6 2f OCHs H H 10 97 129131
7 3a H 30 96
8 3b H H CHs 30 95
9 3c H CHs H 30 96
10 3d CHs H H 30 97
11 3e H OCHs H 30 96
12 3f OCHs H 30 95
13 4a H 60 89 220222
14 4b H H CHs 60 90 230232
15 4c H CHs H 60 88 260262
16 4d CHs H H 60 90 241-243
17 4e H OCH; H 60 90 238240
18 4f OCH; H 60 89 231-233
19 13a H 60 92 190192
20 13b H H CHs 60 94 196-198
21 13c H CHs; H 60 96 205207
22 13d CHs; H H 60 95 191-193
23 13e H OCHs H 60 96 210212
24 13f OCH; H H 60 95 201-203
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Reduction of 2Chloroquinoline-3-carbaldehyde Intramolecular Cyclization to Fused

The reaction sequence begins with theThiazinoguinoline:

N a B Hnediated reduction of substituted Upon heating, compound 4aif undergoes
2-chloroquinoline-3-carbaldehydes (1&f) in methanol. intramolecular nucleophilic cyclization, where the
Sodium borohydride delivers a hydride ion to thebenzimidazole nitrogen attacks the electrophilic2 C
electrophilic carbonyl carbon of the aldehyde, forming arposition of the quinoline ring bearing the chloro
alkoxide intermediate. Subsequent protonation affords theubstituent. This nucleophilic aromatic substitution (SNAr)
corresponding  (2-chloroquinolin-3-yl) methanol  leads toCiN bond formation, concurrent expulsion of
derivatives (2df). This step proceeds rapidly at room chloride, and closure of thi3-thiazine ring, furnishing
temperature and selectively reduces the aldehydthe final 7H-benzoimidazathiazinoquinoline
functionality without affecting the chloro substituent on theframework (13ai f).

LR
quinoline ring: Overall, the sequence efficiently constructs a highly
Formation of Chloromethyl Quinoline Intermediate. fused heterocyclic system through strategically combined
functional group transformations and intramolecular ring

The hydroxymethyl group of compoundai f is next
closure

converted into a chloromethyl functionality usitigony!l
chl or i deActiva@ian©flthe hydroxyl group occurs Conclusion

via formation of a chloro sulfite intermediate, followed by This work delivers aconcise. hi h}/ield route to a
el imination _ (_)f _S_O i a”r?ewfanH;Fdf?H-bEHzo[ynh\%d
2-chloro-3-(chloromethyl)quinoline derivatives (3d1).  thiazino [4,5-b] quinoline derivatives, built from readily
This transformation generates a highly reactive benzy“%ccessible-chloroquinolin-3-carbaldehydesundermild
chloride suitable for nucleophilic substitution. conditons. The sequenéeselective  reduction
Nucleophilic Substitution with Benzimidazole2-thiol chloromethyl activation, thiolation, and clean
KO intramolecular cyclizationd consistently furnishetlised

1H-benzo[d]imidazole2-thiol is deprotonated to form a Polycyclic frameworks confirmed by comprehensivg,

thiolate anion, which acts as a strong nucleophile. The¥#/**C NMR, and ESFMS analyses. Biologically, the

thiolate attacks the benzylic carbon of compo@aif via ~ S€ries showedrobust antibacterial potency against

an SN2 mechanism displacing the chloride ion and Gram-positive and Gramnegative pathogenselative to

yleldlng 3_((1H_benzo[d]imidazol_z_ylthio) AmpICIIIm , abng Wlth notable antlfungal activity and

methyl)-2-chloroquinoline derivatives (4 ). goodto-moderate antitubercular efficacycomparable to
isoniazid andrifampicin .1#15

In the presence of aqueous
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APhysicochemical Assessment of Surfac
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Abstract:

The freshwater resources are suitable for human consumption, agriculture, and ecological sustainability. Surface
water quality assessments are essential. The purpose of this study is to assess the overall quality of the water from Niwali
Dam by examiningts physicochemical characteristics. Using standard APHA methods, water samples were collected from
multiple reservoir locations and analyzed for temperature, pH, turbidity, electrical conductivity (EC), total dissolged solid
(TDS), total hardness, alkaify, calcium, magnesium, chloride, sulphate, nitrate, dissolved oxygen (DO), biochemical
oxygen demand (BOD), and chemical oxygen demand (COD). The guidelines set by the Bureau of Indian Standards
(BIS:10500) were compared to the results. The results fmawhe majority of parameters are within acceptable ranges,
indicating that the water quality is good and that organic pollution is low. However, it is recommended to conduct regular
monitoring to stop any further deterioration brought on by human tiesivi

Keywords: Water quality assessment, Physicochemical parameters, Surface water, Niwali Dam, BIS standards

Introduction : analysis, the instruments were calibrated to ensure their

Dams, lakes, and other freshwater reservoirs ar8¢CUracy.
important sources of water for irrigation, industrial use,Parameters Analyzed

drinking, and aquatic ecosystems. Water quality has Tpe following physicochemical parameters were

deteriorated as a result of increased pressure on thesfasured: temperature, pH, turbidity, EC, TDS, total
bodies of water as a result of rapid p@ion growth,  pargness, calcium, magnesium, alkalinity, chloride,
agricultural intensification, and land use Cha”gessulphate nitrate. DO. BOD. and COD.

Physicochemical parameters are important indicators of the _
health of ecosystems and water pollution. The Niwali DanfReSults:

is a significant source of surface water that is used for parameter Unit Mean BIS
irrigation andto meet local water needs. There aren't many value | Standard
scientific data on its water quality, despite how important Temperature °C 24 -
it is. As a result, the goal of this study is to compare the pH - 7.4 8.5
results of a systematic physicochemical analysis of Niwali ~ Turbidity NTU 1.7 5
Dam water to national drinkingater standards. Electrical uS/cm 610 750
Study Area. Conductivity mg/L 440 500
Total Dissolved (ppm) 190 300
Niwali Dam is primarily used as an irrigation reservoir Solids mg/L 2 75
and is situated in a semiral area. Agricultural activities | Total Hardness mg/L 21 30
dominate the catchment area, and the reservoir receives (as CaCQ) mg/L 162 200
nutrients and dissolved solids from seasonal runoff. The  Calcium mg/L 138 250
physicochemical behaviaf the water body is influenced Magnesium mg/L 108 200
by climatic conditions like moderate temperatures and  Alkalinity mg/L 18 45
seasonal rainfall. Chloride mg/L 6.7 5
Materials and Methods Sulphate mg/L 2.1 3
. Nitrate mg/L 8.4 10
Sample Collection Dissolved mg/L
During the study period, water samples were collected Oxygen
from three representative sampling locations across Niwalli BOD
Dam. For sampling, clean, aeidhshed polyethylene COD
bottles were utilized. To prevent air contamination, Table 1: Physicochemical Characteristics of Niwali Dam
samples for DO and BOD analysis werelleded Water

separately in BOD bottles. Findings:

Preservation and Analysis The water at Niwali Dam has a pH that indicates that

The samples were brought to the cold laboratoryit is slightly alkaline, which is good for aquatic organisms.
where they were analyzed within 24 hours. The Standardow turbidity levels indicate that there are few suspended
Methods for the Examination of Water and Wastewatesolids and little soil erosion. The TDS and EC values are
were used in all analyses (APHA, 2017). Before thendicative of moderate meralization, which is typical of

Vol. 13| Issue 1| January2026 201 www.newmanpublication.com



New Man International Journal of Multidisciplinary Studies (NMIIMS) ISSN: 2348-1390

surface reservoirs influenced by agricultural runoff andstandards' acceptable limits. After conventional treatment,
natural weathering. The majority of the water's moderaté¢he reservoir water can be used for drinking and is suitable
hardness is caused by calcium and magnesium ions. Levédty aquatic life and irrigation. In order to safeguard the
of alkalinity indicate that the buffering capacity is dam's quality over time, sustainable watershed
sufficient to withstand abrugtH changes. Concentrations management practices and donbus monitoring are

of nutrients, particularly nitrate, were well within recommended.

acceptable limits, indicating a controlled influence frompgacommendations:

agriculture. The reservoir's good ecological health and low ;- Regular seasonal monitoring of water quality
organic pollution are reflected in its high dissolved ®yg 5 conrol of agricultural runoff and fertilizer use

levels and low BOD and COD values. These findings 3 |ncusion of biological and heavy metal analysis

suggest that Niwali Dam keeps the aquatic environment in 4 Development of a Water Quality Index (WQI)
balance. '
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Dielectric and Thermodynamical properties in a binary mixture of dimethylene
chloride with n-methylformamide using TDR

A. V. Patil
Department of Physics,
I.C.S. College of Arts, Commerce and Science, Khed

Abstract:

The complex permittivity spectra of dimethylene chloride witmethylformamide were determined in the
frequency range of 0.1 GHz to 20 GHz using time domain reflectometry (TDR) in the temperature f@nigedB8C for
11 different concentrations of the system. The dielectric relaxation in this system can be described by a single relaxation
time using the Havriliak and Negami model. The static dielectric constgnafd relaxation time () have been obtained
by fitting experimental data with the Havrilidéegami equation.

Introduction : conditions. The change in the pulse after reflection from the
Dielectric relaxation of liquid mixture gives Sa”?P'e placed in the celllwas mqmtorgd by the sampling
oscilloscope. In the experiment, time window of 5 ns was

information about molecular interactions. Considerable A .
dielectric relaxation study has been done in aqueou sed. The reflected pulse without sampl@)FRand with

solutions [13] and noraqueous solutions such as pyridine sample R(t.) were digitized in 1024 points in the memory
amide [4][ a21d dimethglene chloriatémethyform;rﬁide of the oscilloscope and transferred to a PC through 1.44

[5]. In this work, we report the dielectric study of MB floppy diskette drive.

dimethylene chloriden methylformamide mixture. The The temperature controller system with water bath and
dimethylene chloride (DCM) is a nemssociative liquid a thermostat has been used to maintain the constant
and nmethylformamide (NMF) is an associative liquid, temperature within the accuracy limit ©f°C. The sample
one with chlorine group and othwith C=0 group. It is cell is surrounded by a heat insulating container through
interesting to see the effect of chlorine group molecule iwhich the water of constant temperature using a
NMF. The objective of the present paper is to report théemperature controller system is circulated. The
dielectric relaxation study for DCM and NMF mixtures. temperature at the cell is checked using the electronic

Experimental Section thermometer.

DC and NMF (AR grade, Qualigens fine chemicalsData Analysis
Pvt. Ltd., Bombay, India) were used without further The time dependent data were processed to obtain
purification. The solutions were prepared at 11 differencomplex reflection coefficient spectra™(() over the
volume percentage of DC from 0 % to 100 % in steps of 1@requency range (0.1 to 20) GHz wusing Fourier
%. Using these volume percents the molaction is transformatior]9, 10] of

calculated as () = (chrd) [p(Ya( )] ()
X1 = (var yma) /[ (var 1ma) + (Var 2mp) | Wherep (1)) and q(J) are Fourier transforms of [R)-
Wherem;, vi, andr; represent the molecular weight, R«)] and [R(t)+R«(t)] respectively, c is the velocity of
volume percent, and density of th (i=1, 2) liquids, light, [ is angular frequency, d is the effective pin length

respectively. The density and molecular weight of theandi=+- 1.
liquids are as follows:

The complex permittivity spectra”( 1 were
Dimethylene chloride  Density - 1.323 gm.cnf  obtained from reflection coefficient spectra’(.)) by
Mol. Wt.- 84.93 applying bilinear calibration method11]. For the
N-methylformamide Density - 1.1011 gm.cm.®  calibration process, DCM and NMFvere used as
Mol. Wt.- 59.07 calibrating liquids.
The complex permittivity spectra were studied using The experimental values of were fitted 'with

the time domain reflectometry 48] method. The Hewlett the HavriliakNagami expressiofi2-14]
Packard HP 54750 sampling oscilloscope with HP 54754A

TDR plug in module has been used. A fasing step (e - e )
voltage pulse of about 39 ps rise time generated by a pulg¥(0) = e + 0 Z -
generator was propagated through a coaxial line system of [1+ (J wt )(1- a )]

characteristic impedance 50 OhnTransmission line

system under test was placed at the end of coaxial line in  Wwith “loand( /(] as adjustable parameters. A nonlinear
the standard military applications (SMA) coaxial connector-eastSquares fit methofl5] was used to determine the
with 3.5 nm outer diameter and 1.35 mm effective pinvalues of dielectric parameters. The valueas taken to
length. All measurements were carried out under open lodoke fixed as 2.0. The parametrhas not been used as a
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fitting parameter, as the data are not found to be sensitive Where [1Ga and ['Gg represents the activation

with respect to this parameter. energies for DCM and FA, respectively angdiX the mole
The static dielectric constantg), relaxation time ()  fraction of DCM. Here X =1 - X is the mole fraction of

obtained by fitting experimental data with the Havriliak FA in the studied DCMFA mixture.

Negami equation are listed in Table 1. Table 1: Values of thermodynamical parameters for the

The behavior of static dielectric constant of DCM Mixture of DCM NMF system.

NMF system, as a function of mole fraction of NMF in G (KJ/mol) UH (J‘/Smol
DCM at different temperatures. The static dielectric (KJ/mol)
constant and relaxation time increase with increasing molex, T=15 T=25° T=3 T=4%
fraction of NMF in the system as shownfigure 1. c c 5°C_C
0.000 8.62 8.88 9.14 9.40 1.21 -0.03
200 0
(@) 0.116 1294 12.92 129 1288 13.56 0.00
0 0
160 - 0227 1431 1418 140 1391  18.09 0.01
9 5
120 - 0.336 1520 15.06 149 1479  19.08 0.01
0 3
(=) 0440 1563 1562 156 1559 1596 0.00
80 - 4 0
0541 1590 1595 16.0 16.05 14.54 0.00
4 0
40 - 0639 16.05 1616 16.2 16.38 12.83 -0.01
1 7
0 —A—T=35 0733 16.19 16.32 164 1658 12.40 -0.01
T T T T T T 7 5
0 0.2 0.4 X 0.6 0.8 1 0.825 16.26 16.41 165 1672 11.78 -0.02
2 3 7
0914 1631 1649 166 16.86 11.03 -0.02
0 7
160 1.000 16.32 1657 16.8 17.07 9.08 -0.03
(b) 0 . :
When two liquids are mixed together, there is a change
120 - in the energy of the system. This change in energy can be
interpreted in terms of its activation energies such as free
energy of activation [(G), molar enthalpy of activation
80 - (7H) and molar entropy of activation/§) are tabulated in
Table 1.
80 : :
40 + —&-T=15 Free Energy of Activation (a
—A—T=35
0 I T T T T T
0 0.2 0.4 x,0.6 0.8 1 40
Figure 1. (St at i ¢ di el g,¢b) relaxationc o 2D0G
time (U), versus mole frac — o =0 *—0
(x2) of NMF in DCM at different temperatures. 0 —=T =15 T=25
The thermodynamic parameters like molar enthalpy o 00 01 02 03 04 9.5 06 07 08 09 1.0
activation DH and molar entropy of activatioDS are 2

determined from the Eyring rate equation utilizing least
square fit method as

= ex@C8
KT GRT:

Q)
Where DG =DH - TDS

The excess free energy of activation of DONWIF binary
mixture is given by the equation.

DGE =DG - [DG, X , + DGy X ] 4)
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(b) Excess Free Energy of Activatipr

Figure 2(a): Free energy of activation G) and(b):

Excess free energy of activationGF) versus m

ole

fraction (x;) of NMF in DCM at different temperatures.

The value of free energy of activation®) is least

for

reorientation for the molecules of DCM, NMF and in their
binary mixtures.

The values of molar enthalpy of activationH) are
positive for all concentrations of the system. The positive
value shows endothermic interaction between DEMF
mixtures of the system. The values of molar entropy of
activation (1S) of the system are a measure of the orderly
nature of the molecule. In this system, these values are
positive in DCM reach region and negative in NMF reach
region, it means the environment of the system is- non
cooperative resulting in the activated stathich is more
disordeed than the normal state in NMF reach region.
Conclusion

Dielectric relaxation parameters are reported in the
paper for binary mixture of dimethylene chloride and N
methyl formamide molecule for various temperature and
concentrations. The dielectric constant and relaxation time
provide information regarding sdakisolvent interaction in

DCM and increases with increase in concentration of NMHAiquids. This data provides information regarding solute
at all temperatures as shown in Figure 2 (a). This indicatesblvent interaction in liquids.

that the FA molecules in the mixture dominate over DCM  Free energy of activation increases with increasing the
molecules. This dominance of NMF over DCM is primarily mole fraction of NMF in DCM of the system and its excess
due to its lage dipole moment values. From the Figure 2values are positive for all concentrations.

(b), the excess activation free energyGF) values are Acknowledgment

positive for all concentrations. These positive values  We are thankful to Prof. V. P. Pawar, Department of
confirms that there is an increase in hindrance to th@hysics, Mahatma Gandhi Mahavidyalaya, Ahmedpur
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Biological Screening and Phytochemical Study of Merremia Emarginata (Burm
F.) found in Marathwada region.
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Abstract:

The genusMerremia comprisesbout 60 species. This genus shows its importance in folk medicine. The genus
Merremia presentinteresting phytochemical features such as the Occurrence of Terpenoids, phenolic, flavonoids and
alkaloids.Tropane and pyrrolidine alkaloids from the genus have shown significant biological activities. One of the species
of this genusMerremiatridentata (L.) Hallier. f. is the perennial herb with elongate stems belonging to the family
Convolvulaceae, and is distributgdthe tropical parts of the world.

Key Words: Merremia emarginata, Phytochemistry, terpenoids, alkaloids, perennial herb.

with Merremia emarginataresulted in a significant

) ) reduction of HbA1C and an increase in total haemoglobin
Merremia emarginata (Burm) f. Hall f. synonym |eye|. The activities of carbohydrate metabolizing enzymes

Ipomoea reniformidelongs to familyConvolvulacea@nd  g,ch as hexokinase were significantly increased whereas

is prevalent thro_ughout India, Malaysia and tropical Afrlca-g|ucose6-phosphatase, fructode 6-bisphosphatase were

It is an uncultivated food crop used as a green leggjypificantly decreased by the administratiorgrremia

vegetable by poor people in India [d]he Plant is annual emarginatain diabetic rats [7].
herb 12 25 cm tall, stem glabrous, simple or branched at

the top. The species frequently found on sandy banks (Y€view of Literature:
river and in fields with fertile soil. Flowering and fruit The genus Merremias included in the family
season of the plant is from November to Februéiny. Convolvulaceae comprising of the major group of
Marathwadagenerally it is distributed in all districts of angiosperms (flowering plants). This genus comprises of
Marathwada especially in Aurangabad, Nanded an@93 plant species having medicinal importance [8]. The
Dharashiv [3]. phytochemical investigation of Merremia mammosa, an
Leaves of the plant are used as a vegetable and also!}flonesian medical plant was reported by Isao Kitagawa

Ayurvedic medicine system. It mainly grows in rainy and€t @ [9] showing four new ionophoric resylycosides of
winter season. In Marathi (local) it is known as Undir kani?VNich the structures of two major regjiycosides, named
meaning leaves of this plant resembles like ear of thlammoside B(1) and Mammoside H(2) have been
mouse. Charaka, Sushruta aragbhatta the great Indian Studied.
medicinal practitioners have attributed the importance of

Introduction:

Hs

the plant in Ayurveda. The plant is traditionally used as e

diuretic and for cough, head ache, neuralgia and e
rheumatism. In vitro antioxidant and antimicrobial e N %O/
activities ofMerremia emarginata using thglycolic acid Lo o ch“" \
capped cadmium telluride quantum dots was studied by o %{{
RameshKumar A. et albecause this plant has very high %a{ Heo O OH b
flavonoid and phenol content [4]. H%%f) on E)ﬁ? y

0

seizures, Juice acts as purgative and the root is havin
diuretic, laxative, and applied in the disease of the eyes and s
gums [5].

Anticancer activity of Merremia emarginatau¢m. f)
against human cervical and breast carcinoma was reported

by Purushoth et al and significant results were obtained runasiné dalonate (3), A Cyanogenic glucoside

justifying the use of plant in traditional system of medicine!™o™ the leaves oMerremia Dissectdiave been reported

[6]. by Adolf Nahrstedt et al [10].

H
. . . . | Q
Powder of leaves is used as a snuff during epileptic < a0 He %ﬁ) o
07 o >_’r0 HOud ) Nolfe—cts
o \

OHp,c” cHy HC 0 HO OH CpHg
OH

(1) Mammoside B (2) Mammoside H;

A significant decrease in blood glucose, serum urea
and serum creatinine and significant increase in body
weight, insulin and protein level were observed in diabetic
rats treated witMerremia emarginata Treatment
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(@) o chromatography TLC). Solvent system used for TLC was
)I\/u\ Hexane: Ethyl acetate (5:5).
HO Chromatographic Separation of the Chloroform

© Extract:
@) The chloroform extract (30 gm.) was chromatographed
@) P
|-||_(|) on a silica gel (600 mesh) column160 x 15 cm) and
O OH N eluted with a step wise gradient of Hexane: Ethyl acetate
H CN

(100, 90:10, 85:15, 80:20, 75:25, 70: 30, 100 by volume).

A total of 115 fractions of 10 ml each were collected, and

the similar ones were poured to eight groups. The grouping
(3) Prunasin - 6 - Malonate was ne according to their composition determined by

Flavonoids, an important class of phenolics featuringigin layer chromatography. Spots were detected by using

the linkage of two benzene rings by a chain of 3 carbo
atoms so as to form pyran or pyrone ring, play a
predominant role in plant physiology and serve as Iigh?
screens, antioxidants, enzyme inhibitopsecursors of Group I: The fractions I 20 obtained from hexane
toxic substances, and pigments [11]. Flavonbiaee been fraction were concentrated under reduced pressure and a
isolated from the aerial parts of the plant of Merremiayellowish solid was obtained (20 mg.). The Rf value of the
genus, species Merremia tridentata (L.) Hallier.f. whichcompound was found to be 0.78. This compound was
include diosmetin(4), luteoliri 7i o- bi di glucoside(5),  designated as compound A.

luteolin (6),diosmetini 7i oi bi di glucoside(7), [12]. Group Il: The fractions 21i 35 obtained by the
elution of Hexane: Ethyl acetate solvent system (95: 05)
and were concentrated under reduced pressure and a yellow
solid was obtained (20 mg.). This solid was designated as
compound B.

Physical and Spectral Characterization of the
compounds isolated from Chloroform extract of
Merremia Emarginata (Burm f.) Hall.f.

Compound A.

Physical State:Yellowish SolidYield: 20 mg.MP: 328

°C

UV ama xOH]:. €598, 266, 348 nm. R ( K@ ) 3
3144, 1616, 1174, 879, 802, 729'tm

IH NMR (400 MHZ, CDCl3) .0 (4H, S), 5.95 (2H, d),
6.51 (1H, S), 6.60 (1H, S), 6.69 (1H, S), 6.71(1H, S).

ESI-MS m/z: 302
Compound B.
Physical State:Yellow SolidYield: 20 mg MP: 224°C

(5) Luteolin 7-O-beta-D-glucoside UV  ama xOHl 298, 320 nml R ( Kuxr 3837 3
Experimental: 1739 1599, 1518, 1460, 1415, 1271, 1226, 1157, 1116,

Merremia Emarginata (Burm. f.) Hall.f wamllected ~ 1074, 823, 702m™,
from Osmanabad District of Marathwada region (M.S.).!H NMR (400 MHZ, CDCl3) 5.0 (1H, S), 6.51 (1H, S),
The plant material was identified by Department of Botany6.69 (1H, S), 6.60 (1H, S), 6.41 and 7.61 (1H, dd, J=11.5
Dr. Babasaheb Ambedkar Marathwada University,HZ), 11.0 (1H, S),
Aurangabad. The whole pla_mt derremia Emarginata ESI-MS m/z: 180.
(Burm. f.) Hall.fwas shade dried and powered. The powder ) i
(lkg.) Of Merremia Emarginata (Burm. f.) Hall.f Resultand Discussion:
sequentially extracted with Petroleum ether, HexaneStructure of Compound A:
Chloroform, Acetone and ethanol by following maceration
process for three days each with successive shaking. T'&Sm
resulting extracts as then concentrated under reducedF

e

arious detecting techniques such as UV chamber, lodine
hamler, spraying with 10% methansllphuric acid
pray reagent and then heating on a hot plate.

Elution of the column with pure hexane yielded a solid
pound (20 mg) designated as compound A with
elting point of 328°C. The ESIMs spectrum of
ompound A showed the [Wion at m/z 302, which was

n agreement with the molecular formulalg:0,07 with ten
degrees of unsaturation.

pressure by using rotary vacuum evaporator (Mod
Superfit India) to obtain a residue. The Chloroform extract
showed eight prominent spots on thin layer
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The UV spectrum of compound A showed indicating the presence of olefinic and carbonyl moiety in
characteristic absorption at 254, 266 and 348 nm which atbe compound.
characteristic absorption peaks of flavonoid moiety. The IR 11 | spectrum of compound B exhibited the

spectrum of compoundAdispI{;\yed no intense bands_ln th?osorption band at 3437 cnshowing the presence of
region of 11001000 cm' showing absence of glycoside hydroxyl group in the compound. The band at 1739*cm

band or any type of sugar linkage. The compound Apgicates the (C=O) stretching in carboxylic acid. The
showed no absorption value at 2950%and 2850 ciof  ahqarption band at 1074 énexhibits (GO) stretching for
C-H stretching in CHor CHs moiety showing the absence ,anolic compound. The band at 121820 cnt is for (G

of methyl or methylene group in the compound. Compoun ) for carboxylic acid group. The band at 823 shows

A exhibited the absorptioband in the range of 348100 55 ¢ substituted aromatic ring present in the compound.
cnt! showing the presence of phendli©H group in the

compound. The band at 1620 emexhibited C=0 _ The 1HNMR spectrum of compound B exhibited
stretching attached to heterocyclic ring. The absorptio® | 9nal ~at 4 6.50, 6.60, and
band at 1170 crhwas in confirmation with the © Protons in the compound. The
stretching in the compound. phenolic hydroxyl proton in the compound: The .oleflnlc &
N . protons exhi bit ed1llgdspgectizely. at C
~ The 1Hi NMR spectrum of compound A exhibitedthe 1, o 5 j gnal at U 11.2 was for
signal at 40 5.0 indicati nhaoR acd. T TRIMR Spectuin®f 8 ha 9r ot

: : duk
i nkage in the compound. Tghgnibieli Jolrdquatethhry &nd ﬁvev%\réthiﬁji\):g:ﬂ)oﬁsat &

C

S

doubl et of aromatic pr ot 0nNgsentinfih® cofpolnB. Biseddh thdlabd¥e pRydical afid 6 2

showing singlet of aromaticrgtons present in different

; spectral charderization and the literature [134] reported
environment.

that the isolated compound B is Caffeic acid. The presence
The 1IHNMR, UV, and IR absorption data along with of Caffeic acid in Merremia Emarginata was detected by A.

other physical data of compound A suggests that compouridamesh Kumar et §15].

A is Luteolin which is previously isolated from the Biological Activities:

Merremia tridentata [12] species and reported first time

from the species which is new source. _The in vitro antimicrobial activity was carried_ out
o against 24hour cultures of the four selected bacteria and
OH H O fungi. The bacteria used wegscherishia coli, Salmonella

typhi, Staphylococcus aureus and Bacillus subdifid the
fungi used for the testing werdspergillus niger,

HO 0 Ho OH Penicillium chrysogenum, Fusarium moneliforme and
H Aspergillus flavus. The antimicrobial activity was
oH HO performed by using nutrient agar using agar cup method
oH o i.e., cup plate method prescribed in Indian pharmacopoeia.
Conclusion:

(1) Luteolin. (2) Catfeic Acid In the course of our search for antimicrobial activity

CompoundA from medicinal plant, we have extracted different extracts
CompouneB

from various solvents and subjected them for antimicrobial
Structure of Compound B: activities. In the course we have also isolated a number of
The sub fraction eluted with Hexane: Ethyl acetatecompounds from selectedxtracts and subjected these

(95:05) yielded a yellow solid with melting point 29@. compounds for the activities. In the course of examinations,

This compound was designated as compound B. thwe first subjected the extracts for antimicrobial activities

molecular formula of the compound was deduced agnd later on the isolated compounds were subjected for the
CoHsO4 based on its ESWS spectrum at m/z180 [M'] study. Chloroform extract of M. emarginatatitontains
base peak. The compound with molecular formudsO. compound A luteolin and compound B caffeic acid showed
exhibited six degrees of unsaturation. The UV absorptiof°"e of inhibition towards all the bacteria except E. coli.
spectrum of compound B was observed at 328 nm
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Green Synthesis of Benzoxazoles, Benzimidazoles and Benzothiazoles Using a
Bronsted Acidic Silica Supported lonic Liquid 1-methylimidiazolium
Fluorochromate SolventFree Condition by Microwave Radiation

Thakur A. A. %, Mandawad G. G1, Hote B.S!,  Patil S. G, Hallale S.N.?
Department of Chemistry, Maharashtra Udaygiri Mahavidyalaya, Udgir

Abstract:

Recent development and green approaches towards the synthesis of heterocyclic compounds with a wide range.
The application and biological activities of five membered heterocyclic compounds covers all over areas. The substituted
benzoxazoles, benzimidazolasd benzothiazoles are synthesised using atistituted benzamine and substituted
aldehydes using Bronsted acidic silica supported ionic ldtrtethylimidiazolium fluorochromate (BASSIMFC) under
microwave condition. This reaction is an efficientigh yield, ease of availability, complete in short span of time,
recyclable catalyst and simplicity in wetp, no more additives required to complete the reaction. The best of our
knowledge BASSIEMFC was not use under solvent free microwave conditioe@arted in the references.

Key words: TSILs, benzoxazolegenzimidazoles , benzothiazoles, BASSIEC.

Introduction : Experimental Section

The ~derivatives ~of substituted —benzoxazoles, — 1ng 1methyliidazolium Fluorochromate (MFC) was

benzimidazoles and benzothiazoles are also a Va'“abﬂﬁepared by following the procedure discussed in the
class of heterocyclic compounds having a wide range Qfierature (Scheme A and BY?22 Here, firstly by using

biological activitiest? The five membered heterocyclic Coreyods met hod 2bahdsecndbyusng h e me
ring is present_in numerous pharmacologically ir‘_npor_tanbur improved method for preparing PCC in a Class
compounds,  including dose used as antibidtics, scheme Bf2 MFC used as an oxidising agent, cyclising
antibacterial, antifungdl, anti-inflammatroy? analgesié,: agent as earlier reported. For silica supporting BMEC

hypoglyacemic, antiproliferative® anti-tuberculosis, catalyst, Si@of 80-100 mesh was used.
muscle relaxait and HIV inhibitor avtivity?, In addition  gcheme A

to these derivves are useful synthetic intermediates and

can be used as diversity scaffolds in combinatorial N ﬁ/H_ cro NH

chemistry*?and also as peptidomimmetitsTaskspecific [» HFE [» Fr 23 5 [» [CrOSF]
o w

ionic liquids (TSILs) have attracted increasing interest of]
chemists because of their unique physical and chemical |
propertiesi*'® The unique properties of Bronsted Acidic gcheme B
lonic Liquid 1-Methylimidiazolium Fluorochromate
(BAIL-MFC) and the valuable potential applications of N _
these heterogeneous ionic liquids in catalyis.In diLHF \:jN _
comparision with BAILMFC other reported catalyst for | CrO3 ——= HCrOsF —>\N® lCrO3F|
+

PAN

synthesis of heterocyclic compounds are facing challenges =N},
with low yields, require additives, expensive and one time

use of catalyst. Here the use of BAMIFC acting as an General procedure: A) Preparation of &
efficient and reusable heterogenous catalyst for the methylimidazole fluorochromate (MFC)

condensation and aromatization ofatino phenols with
substituted benzaldehyd®, We reported notable the 1-methvlimiaiazole (0.2 | taken i |
expected products were obtained in good to excellent yields -methylimiaiazole ( " mmol) was taken in Oa clean
with the recovered of BASSIMFC easily by filtration. To polythene flask add dropwise (0.2 mmol) HF (40%) in it

the best my knowledge, BASSMFC has never been cooled the reaction mixture in ice bath with constant
earlier reported for the same reaction under microwav&U1ING- After appearing c_:lear s_oIL_mon add (0‘2 mmol) dry
condition. and well powered chromium trioxiddowly with constant

. stirring. Cool it again to @, got the bright redrange
Materials and Methods: crystals. Salid crystals were separated by filtration and dry
The purity and structure of compounds synthesizedt in vacuum for 23 hr. Purity checked by TLCY(eld =
were confirmed by melting point, boiling point, TLC. The 78%) Reagent were quite hygroscopic so stored in &t tig
synthesized derivatives are confirmed by MR, NMR  polythene container.
spectroscopy. The melting point and boiling point was
recorded by open capillary tube on thermentampbel

instrument and were uncorrected. Synthesis of Benzoxazoles, Benzimidazoles and

Benzothiazoles
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2-Substitued  benzamine (2mmol), substituted Results axd Discussion
aromatic aldehyde (2mmol) were taken in a rebottom
flask and MFC (0.5% of mol) was added at room
temperature. It was irradiated in an open vessel-806C,
40 watt for 30 to 60 second interval for 10 minutes. Th
completion of the reaction is checked by TLC and cooleqrc acting as reusable and efficieheterogeneous
it to room temperature. This gives excellent yield Ofcatalyst for the condensatigmomatization of 2
Eubstiurj]ted dlerivatives of benzoxazole, benzimidazole and \psiituted  benzamines and  substituted  aromatic
enzothiazole.

As the data were reported, The preparation procedure
of the BAIL-MFC (Scheme A and B) gives 98 % of yield
the catalyst was recovered easily by filtration and use

irectly for further reaction .Here the use of a BASSIL

aldehydes.
Ho In presence of ionic liquid the reaction rate and yield
NH, BASSIL - MFC (05 % of mo) N\ is remarkable, as reported previously , here we use the solid
- B 0 e . . .
@[ + X ) supported silica base to support the catalyst, it convert ionic
] XH Solvent free,MW,80 °C.10min R liquid in gel like soft solid to react with substrate easily
R? X=0.5. NH and get theclean and high yield of product within short
R1=H60H3 NOy, Cl, CH time under the microwave condition. Silica base absorbs
RE=H, OCHs, NO, CI, CHs gaes and it support to MFQ to show cyclisation,
dehydration as well as dehydrogenation reaction.
Scheme 1: Synthesis of benzidazoles, benzoxazoles and i
benzothiazole catalysed By BASSIL-MFC under microwave condition The fused benzbetercyclic compound shows

versatile biological activity. The observation shows that the

Pr mechanism: ) . S
oposed mechanis electron withdrawing group at Para position of substrate

d M R R R gives high yield than nesubstituted, Ortho position and
Hm/‘(x\/ 0G0 ®YH A ” p highly substituted substrates (as Table 1). 2amino
o tCoNT g oo o—b ™ —— HzN\ . . L . .
S WO N @ or phenol, 2amino thiophenol takes littile bit of time thar O
> M XHj@ phenylene diamines. As per the proposed mechanism
o MM icog Mo credibility of product shown by spectral analysis (MS)
’ supplementary data given byferences?
® H,0
'H\ Table 1 Catalysts screened for the synthesis of
@(X@R R@Jy@ benzidazoles, benzoxazoles and benzothiaZoles
@N\@R MIMCrO;H HF NH\,H) Cyclisation ' ?‘a
X Silica : -
MIN; fcofT " I\érOaFli
Entry Substrate  Aldehyde  Time (min) product Yield (%)

NH, o
Do, L3O
1 0 4 N 92 %

NO,

.

o
CHO @[ />—<j>—mo2
5 N 97 %

NH,

H
H,
H

Cl
H

, &
L

o]
CHO @[ />—< >—CI
3 N 97 %

e

NH, o
©: H,C CHO @E />—©*CH3
OH 4 N 90 %
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o
5 OH
S
6 SH

8
9 SH
CL,
10 SH
©:NH2
11 NH,
©[NH2
12 NH,
©:NH2
13 NH,
L
14 NH,
©:NH2
15 NH

HsCO

0
CHO @[ />—< )—OCH,
N 88 %
s
o, OO
N 91 %
s
o | CIOme
N 80 %
s
CHO @[ )—@—ol
N 87 %
S
o (I
4.5 N 85 %
s
CHO @[ />—< >*OCH3
N 88 %
H
N
w IO
N 94 %
H
N
CHO @[ />—< )—NO,
N 95 %
N
CHO @[ />—< >—C|
3 N 90 %

N
wo . (Lo
N 85 %
H
N
CHO @[ />—©*OCH3
N 85 %

Qe

NO,

.

Cl

=

H3C

HsCO

k=

NO,

.

Cl

b1

HsCO

>

@Reaction condition: Substrate (1 mmol), substituted M.P.- 105108°C; FT-IR (KBr): 3145, 1580, 1562, 1425,
aldehyde (1 mmol), BASSHMFC (0.5% mol) under MW 946, 755. 652,466;'H-NMR (400Mz, DMSQd®)-u

irradiation at 8C°C, 40W.
Supplementary Data

11.10(m, 1H), 8.98.88 (m, 1H), 7.95.90 (m, 1H), 7.71
7.70 (m, 1H), 3.75(s, 3H}3C NMR (125 MHz, DMSG
d): 11133.8, 122.5, 118.8, 36.2 .

1-methylimidazole fluorochromate (MFC).

2-Phenylbenzo[d]oxazole (1)
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M.P- 102°C; GC-MS (El, 70ev) m/z 195([M); FT-IR

2-(P-tolyl)benzo[d]thiazole (9).

(KBr): 3060, 2930, 2850, 1775, 1610, 1552, 1470, 1450y p_ggoc. FTIR (KBr):2930, 285, 1610, 1470, 1300,

1280, 1240:H-NMR (400Mz, DMSOd®)-Ui 8.31:-8.23 (m,
2H), 7.827.80 (m, 1H), 7.6&7.56 (m, 1H), 7.527.50 (m,
3H), 7.407.38 (m, 2H):C NMR (125 MHz, DMSGd®):

0 163.1, 151.9, 142.2, 131.7, 129.0, 127.8, 127.3, 125.

123.7,120.1, 110.
2(4-nitrophenyl)benzo[d]oxazole (2)

M.P- 156°C; FT-IR (KBr):2920, 2855, 1677, 1611, 1535,
1448, 1235 H NMR (400 MHz, CDC)) i8.14 (ddJ=8

& 1 Hz, 1H), 7.88 (ddJ) = 8 & 1 Hz, 1H), 7.837.81 (m,
1H), 7.75 (tdJ =8 & 1 Hz, 1H), 7.60 (td) = 8.0, 1.0 Hz,
1H), 7.577.55 (m, 1H), 7.4&7.39 (m, 2H);"*C NMR (125
MHz, DMSO-d9): 11158, 151, 141.7, 132, 132, 131.4, 126
125, 124.2, 121,120.9, 111; @@s (El, 70 eV) m/z 240
(M]).

2-(4-Chlorophenyl)benzo[d]oxazole (3)

M.P- 148°C; FT-IR (KBr):3065, 2920, 1725, 1617, 1450,
1429, 1235 NMR (400 MHz, CRCO) {1 8.248.22 (m,
2H), 7.767.75 (m, 1H), 7.747.69 (m, 1H), 7.647.62 (m,
2H), 7.43 (dd, J = 7.5, 2.0 Hz, 2HFC NMR (125 MHz,

1215;*H NMR (400 MHz, CDCJ) U 8J=086 H%, d ,
1H), 7.98 (dJ = 8 Hz, 2H), 7.89 (dJ = 8., 0.5 Hz, 1H),
7.51 (td,J=7, 1 Hz, 1H), 7.31 (td) = 7, 1 Hz, 1H), 7.28
3(d, J = 8 Hz, 2H), 2.43 (s, 3H)®C NMR (125 MHz,
DMSO-d) : a 168. 1, 154. 2,
128.6, 127.4, 125, 123.1, 121.6, 21.3;-GIS (El, 70 eV)
m/z 225.1 ([M]+).

2-(4-methoxyphenyl)benzo[d]thiazole (10)

M.P.-122°C; FT-IR (KBr):-2916, 1598, 1477, 1517,
1480, 1309, 1255H NMR (400 MHz, CDC)) U - 8.
8.02 (m, 3H), 7.90(d) = 8.0 Hz, 1H), 7.48 (td] = 8.0,
1.0 Hz, 1H), 7.36 (td) = 8.0, 1.0 Hz, 1H), 76.99 (m,
2H), 3.9 (s, 3H)*C NMR (125 MHz, DMSGd®) : U
168.1, 162.2, 154.2, 136.0, 128.3, 126.7, 126.2, 125.1,
123.2, 122.7, 114, 55.6; GKS (El, 70 eV) m/z 241
(M]+).

2-phenyl-1H-benzo[d]imidazole (11)

M.P-294°C; FTIR (KBr):3410, 1542, 1451, 1409, 963,
775;'H NMR (400 MHz, DMSGdg)-U 8 . 107.5Hd ,

04

DMSO-%: i 161, 150, 142, 137, 130, 129.2, 125, 124" 61 (s 1H). 7.56.55 (m. 2H), 7.507.48 (m. 1H).

123.9, 120., 110. GMIS ( El, 70 eV ) m/z 229([M]+).

2-(p-Tolyl)benzoxazole (4)

M.P-103°C, FT-IR (KBr):3051, 2925, 2849, 1616, 1502,
1451, 1421, 1245H-NMR (400Mz, CDC}) - 118.2-8.17
(m, 2H), 7.757.74 (m, 1H), 7.55.54 (m, 1H), 7.3¢.29
(m, 2H), 7.027.01 (m, 2H), 3.90 (s, 3HJ3C NMR (125
MHz, DMSO-d®): & 163.3, 162.6, 150.8, 142.1, 129.7,
124.8, 124.7, 119.7, 119.7, 114.6, 110.6, 55.6:-NEEC
(EI, 70 eV} m/z 225 ([MY).
2-(4-methoxyphenyl)benzo[d]oxazole (5)

M.P-103°C, FT-IR (KBr):3051, 2925, 2849, 1616, 1502,
1451, 1421, 1245H-NMR (400Mz, CDCY) - i 8.2-8.17
(m, 2H), 7.757.74 (m, 1H), 7.55.54 (m, 1H), 7.3¢/.29
(m, 2H), 7.027.01 (m, 2H), 3.90 (s, 3H}3C NMR (125
MHz, DMSO-d®): & 163.3, 162.6, 150.8, 142.1, 129.7,
124.8, 124.7, 119.7, 119.7, 114.6, 110.6, 55.6:-NEEC
(EI, 70 eV} m/z 240 ([MY).

2-Phenylbenzold]thiazole (6)

M.P-112°C; FT-IR (KBr):3060, 1632, 1476, 1452, 1310,
1222;'H NMR (400 MHz, CDC}) {i 8.10-8.08 (m, 3H),
7.92 (d,J = 8.0 Hz, 1H), 7.57.48 (m, 4H), 7.4€7.38 (m,
1H); ¥C NMR (125 MHz, DMSQd9): U 167.2, 154,
136,134, 132, 130, 127, 126, 125.2, 123, 121.5:NE
(El, 70 eV) m/z 210 ([M]+).
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Conclusion:

We conclude that under microwave condition the
synthesis of biologically active heterocyclic compounds
reported excellent yield, ease of warg the reaction,
reduce time span. Simple condensation and cyclisation
reaction takes place. BAMFC was synthes easily in
laboratory and recoverable, reusable. For further research
we can study catalysts cycle of reuse, unknown properties
and its applications,
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Abstract:

The development of efficient, reproducible, and environmentally benign protocols for the synthesis of
bioactive heterocycles is desirable, particularly in reseuncéted placesDueto its structuralpropertiesand
syntheticavailability, SH-O1wasidentified as a novel molecule with putative pharmacological interest. Several
studies in the past have iteratively elaborated on solvent polarity, while some have focused on catalytic systems
responsible for altering the course of a reaction, but a feve helated them to remote and samian
laboratoriesObjectives: This study sought to (i) optimize the yield of $H using different solventatalyst
systems; ii) confirm its structure via IR and NMR dpescopy; and iii) develop a fieldppropriate ethical
synthesis protocol suitable for collaborative deploymbtgthods: SH-01 was synthesized in the presence of
various solvents and catalysts (etha@iCl 2, DMSOFeCl 3, and toluer€u (OAc) 2). Read out angbu get
areactionyield comparisonThelR spectroscopywasusedfor functionalgroups analysigndthe”1H NMR was
utilized for protonenvironmentandstructuralconfirmation. All data werdy genuine and verifiabliterature
that was analysed humaneResults: The highest conversion in this test was that of eth@mll2, showing
excellent catalytic activation and solvent compatibil
and 2200 cm T, respectively. The icptMdhsignala(fi.8ppm) s howed
and a deshielded NH peak at 9.5 ppm, indicating an intramolecular hydrogen bonding [54]. The synthesis could
be easily replicated at the field level and is reproduc®dsclusion; SH-01 wassuccessfullysynthesizedand
thedeterminedstructure was deemed legitimate with green, easily available reagents. This opens up a scalable
and sociallyresponsibleouteto rural chemistrylabsusingethanoi Z n Casthesolventsystem. Thesgéndings
can serveas evidencefor solvent catalystsynergyand participatory designingreenchemistry studies,and
encouragduturebioactivity screeningandcommunityinitiated education.

Keywords: SH-01 synthesissolvent catalysteffect, IR spectroscopyNMR analysis, green chemistry, rural
deployment, participatory research

Introduction : limited laboratories, they introduce environmental and
operationathallenges.

¢ Multicomponent Reactions: A Strategic

Background and Significance

The sulfurcontaining heterocyclic moiety is o )
prime importance in contemporary medicinal OPPOrtunNity .
chemistry, agrochemicals, and materials science, Multicomponent reactions (MCRs) provide an
owing to its unique physicochemical properties andexquisite way for diversitpriented synthesis when
widespread biological actions. Thiazoles, thiadiazolesthe construction of more complex molecular
and benzthiazines are important molecules found in frameworks involves a rapid reaction betwdeee or
several therapeutic agents such as sulfathiazoleven better, four or more substratesunder mild
(Antibacterial), riluzole (Neuroprotective), and  conditions.MCRs have gained an important status
tioxolone (Anttinflammatory)(Patel et al., 2020the  because of their convergency, operational simplicity,
presence of Sulphur atoms in these polycycle and compliance mostly with the green chemistry
compounds immves molecular lipophilicity, redox pr i nci pl es i n coq4steproaganic t o c |
potential, and target specificity that may appeal tosynthesis (Domling & Ugi, 2000). MCRs have been
medicinal chemists for their advantages in the drugwidely employed for nitrogn and oxygen heterocycles
designing process (Kumar et al., 2021). construction, but are less ubiquitous in the assembly of

Unfortunately, traditional synthetic protocols Sulfurbased frameworks Zhao, Li, & Wang, 2022;

towards sulfurcontaining heterocycles are usually This design, with sulfur motifs incorporated

characterizedy a relatively low atomeconomyand  strategicallyinto MCR frameworks,may provide a

necessitateghe utilization of multi- step and toxic boost toward bioactive chemical space in the

reagents.Not only do theselimitations provide the  antimicrobial as well as anticancer domains, where

brakesto SCALING, but for decentralized/resource resistance and selectivity are still cardinal issues to
mankind.
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Knowledge Gapsand ResearchNeed pharmacokinetics and target specificity, including
Existing modest MCR strategies towards benzothiazine, thiadiazole, and thiazolidinone.

sulphur heterocycles, however, at large, report Advances in synthetic methods have enabled

individual such structures. access to sulfur heterocycles outside this relatively
A Narrowsubstratescope limited chemical space, moving from classical
A Harshreactionconditions condensation reactions to metal catalyzed

cyclizations.Neverthelessmost of theseapproaches
are still very laborintensive and not without
sustainability problems.

Furthermore, few studies have investigated thegynihetic Strategiesfor Sulfur Heterocycles
effect of reaction conditions, such as solvent, catalyst, .
and temperature, on the balance between synthetic ommonly, sulphur heterocycles are prepared via
efficiency and ecological acceptabilinotherneed ~ Multi-stage  procedures ~ with thiourea,
is for field-deployableprotocols particularlyin semi  thiosemicarbazider S-containingacidsaskeystarting
urbanorrural laboratories where infrastructure may beMaterialsThereexistvariousmethods fothesynthesis

limited but there are pressing demands for locallyof thiazoles,including someHantzschtype reactions;
relevant chemical innovation. oxidative cyclization of thiosemicarbazides to yield

thiadiazoles (e.g., Thakuria et al., 2013; Kumar et al.
[7]D. While these approaches are sound, they often

A Suboptimalyieldsandselectivity
A Limited biological validation

Objectivesand Scope

This study aimsto: entail:
Design and synthesis of new epet MCRs for A High temperatures
the production of different chemical structures A Toxic solventge.g.,DMF, DCM)
A containing sulfur heterocycles A Metal catalystge.g.,Cu, Pd)
e ervonora ™ | Recent progess has focusea on micowave
A i ' assisted synthesis, ionic liquids, and sohiea¢
Analyse the synthesized compoundsby  eactiordevelopmenttor enhancingheefficiencyand
spectroscopiandcrystallographianethods sustainability Singh& Sharma2020). However, these
A screen preliminary bioactivity (antimicrobial technological advancements are not generalized and
andanticancerjo tracesuitableleads. practical, especially in field or serrban
A Evaluate atom economy and environmental laboratories.

metrics for field-appropriateness and . .
scalability Synthetic Strategies for

. . Sulfur Heterocycles
Rationale and Humanised Relevance

. X i . i Traditional Methods Recent Advances
This researchis basedon a twofold justification: ) i .
. epe - . . . —Thiourea — Microwave-Assisted
scientific innovation and social responsibility. We — Thiosemicarbazide Synthesis
strive to enable molecular blueprints that are -cost  —Sulfur-Containing Acids —- lonic Liquids
. . . I . —Solvent-Free
competitive with bigprocessesi by design of Typical Precursors Conditions
efficient, reproducible, and environmentally benign —High Temperatures
t- Th t | d | d h . d . —Toxic Solvents (e.g., DMF, DCM)
reactions. The protocols developed herein are designe KAl oot focts, S0, Pl

to implement these reactions $emiurban and rural
research settings, wherdagk of infrastructureserves
as a barrier to the broader access to dmghact  Figurel: SyntheticStrategiedor Sulfur Heterocyclesl

chemical research. Multicomponent  Reactions in  Heterocyclic

This humanisation of toxicity science is also Chemistry.

consistent with the larger drive to do ethical and MCR, an effective and powerful methodology for

participatory scienced making sure that the ihe construction of heterocycles. Classical examples
advantages through chemical innovation are availablejnc|,de the Ugi, Biginelli, and Passerinireactions,

workable, and fair. which havebeermodifiedto give nitrogen and oxygen

Reviewof Literature heterocycles (D6mling, 2006). While MCRs involving
sulfur have been sporadicalkeportedas onepot
protocolsfor thiazoleor thiadiazolegenerationMCRs

Due to their occurrencein naturalproductsand — grestill underdeveloped in sulfur chemistry.
synthetiodrugs,sulfurheterocyclefavealong history

in both organic and medicinal chemistry. Such early For mstarr\](_:e, IZhang ﬁt "?‘In 2'021,h a three_
discoveries as sulfanilamide and thiazole derivative{Ornponent thiazole synthesis via the reactions

have paved the way for antimicrobial therapies during™ X . o
the middle of the 20th century (Miiller & Hinrichs, 2cid media was described. Although promisitigs
2004). The chemical structure silfur heterocycles scopeof reactionds limited to electronrich substrates

has evolved with time to give compounds with beuerandrequir esdow_nstream purification steps following
the reaction, which decreases overall throughput.

Historical Context of Sulfur Heterocycles
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Bioactivity of Sulfur Heterocycles ResearchDesignand Rationale.

Here are a few classesof biological compounds Herein, the present study reports an exploratory
containing sulfur that include sulfanyl heterocycles: experimental design that enabled the development of
A Antimicrobial: Thiazoles and thiadiazoles that innovative onepot Multicomponent —Reactions

disrupt bacterial cell wall synthesis and enzyme(MCRs) for accessing sulfur heterocycles as potential

functions (Alam et al., 2018). bioactive agents. The design integrates:

A Benzothiazines and thiazolidinones A Method details: synthetic chemistry protocols
(anticancer): Benzothiazines  and for reactiondiscovery
thiazolidinones havbeenreportedto modulate A Green chemistrprinciplesfor sustainability
apoptosisndinhibit severakinasegRanietal. A Bioassayguided screening for functional
2020). validation

A Anti- inflammatory and neuroprotective: This protocol is designedto be reproducible,

Sulfur heterocycles interact with COX  goqiaple and adaptablein resourcescarceor semi
enzymes; NMDA receptors (Gupta & Jain, \han jaboratory environments. The documentation of
2017). all procedures is done in fiefdiendly formats to
Even though one of the vast potential cohorts forensure participatory dissemination.
in vitro studies is those compounds that are unable tQ-terials and Reagents
be evaluated due to hurdles faced while synthesising, )
it requires not only passive delaysit also active The chemicals employed were all purchased from
strategiessuch as isolating compoundibraries that ~"€putable suppliers and came as analytical grade
get delayedin early stage screening. Protocols to Materials. Key reagents included:

rapidly identify lead candidates are required, which Carbonylcompoundge.g.,aldehydesketones)

combine a synthetic effort with rapid bioassays. A Sulfurdonors(e.g..thioureathiosemicarbazide)

Green Chemistry and Field Adaptability . A Methylenic compounds (malononitrile, ethyl
acetoacetate)

Recent years have seen the increasing influence OfA . " .
green chemistry on heterocyclic synthesis; tbeof Catalysts(L-proline, citric acid, or no catalyst
solventminimization,energy efficiencyandnon-toxic for solventfreereactions)
reagents aresome examples othese principles. Priority green metrics were adopted for solvent
Severaprotocolshavesubstitutedhlorinatedsolvents  selection, and environmentally friendly ethawedter,
with ethanol, water, and other bibased solvents and bio-based alternatives were then prioritized.
(Anastas & Zimmerman 2003). Methhsed systems Halogenatedolventsand heavy metal catalysts were
and other benign alternatives have been used asot employed.

catalysts, viz, kproline or citric acid. ReactionSetupand Procedure

Even so, few studies are focused on designing
reactions that can be readily applicable in the field. 1
Semturbanor rural labs may have limited accesgo
moderninstrumentatiorandreagents. Hence, the gap o .
that needs to be filled with robust, reproducible, and 2. Stiring  at room temperature or high
resourcdight syntheses wiley to participatory and temperatures (40i 80°C), according to the
ethical research paradigms. reactivity of the substrate.

Identified Gapsand ResearchOpportunities. 3. TLC (Th'.n I__ayerC_hromatographypresencef
theremainingstartingmaterial.

A representativeeaction protocois asfollows:

Roundroundbottomflask is usedto mix three
or morecomponentsn asinglepot

Theliteraturerevealsseveragaps: 4. Productisolation through filtration or solvent

A Use of MCRs for Sulfur Heterocyclesis evaporation.
restricted 5. Makes use of recrystallization or column

A Limited substratescopeandlow scalability chromatographyere(if necessary)

A Failureto IntegrateSynthesiswith Bioactivity The reactions were done under both
Screening _ _ conventionalheating as well as microwaveassisted

A Neglectof greenmetrics andobustnessn the  conditions, and yields and reaction times were also
field compared.

Herein, we sought to provide a valuable asset imOptimization Parameters
the form of onepot MCRs for sulfur heterocycles as
well as sustainability substances and methods
validating bioactivity through accessible assays by A Solvent type and volume

bridging these gaps. A Catalyst presence and loading

ResearchMethodology:. A Temperaturandreaction time
A Stoichiometry of reactants

Forrobustnesandfield adaptability thefollowing
parametersverevariedsystematically:
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Optimization
Parameters

Stoichiometry

Eachvariantwasjudgedby:

Yield (%)
TLC)

Figure 2: Optimization Parameters

A Results and
Testing: Disc diffusion methodagainstGram
positive and negative strains.

A Antioxidantassay¢DPPHradicalscavenging)

A wmTT assayon selectcell lines, wherepossible
0 acytotoxicity test

We selectedassayswith simple, robust, semi

urbanlab-compatible
evaluations were done in triplicate for statistical
reliability.

interpretation Antimicrobial

procedures.  Biological

Data Analysisand Validation.
Descriptive statisticsand comparisoncharts for

Purity (via melting point and
Atom economyandE-factor

Replicabilityin low-resource settings

Characterization of SynthesizedCompounds

Productsverecharacterizedising:

A Melting pointanalysis
A For functional group identification: Infrared

spectroscopyiR)

A Nuclear Magnetic ResonancéNMR) structure
validation(whereapplicable)

A Atomic verificationof the moleculamweight(MS

for MassSpectroscopy)
For field settings, the techniques used to confirmscreenings are described. Results are arranged to
identity were colorimetric testand

compound
solubility profiling.

Ethical and Participatory Safeguards
The approachwas createdto be ethical and

communityled:

A No animaltestingwasconducted.

A Wwe conducted workshops and feedback

guantitativedata:yields, inhibition zones] C
Validation included:

v al

A Replicatetrials to confirm reproducibility

A Local Chemistry Educatorsand Practitioners
Supportinginformation

A Crossvalidation With LiteratureReported
Analogs(No Direct Replication)

Different outputsincluded visual toolkits. Some

large outputs were visual table kits and participant
handout posts for stakeholder engagement.

Resultsand Analysis:
Overview.

In the following section,resultsof the synthetic

experiments,

emphasize

reproducibility,

optimizationtrials,

and bioactivity

efficiency, and field

applicability. MethodsData were collected in a manner
consistent with ethical approval, replicable techniques,

and analyzed using descriptive statistics and
comparative measures. Tables and visual summaries

have been included to help with interpretation and

sessionswith practicecollaboratorgo finalize

relevant.

Environmentabndsafetymeasure$or wastedisposal ) o
were aligned with best practices according to local Tablel.YieldsandReactionTimesfor Selectedsulfur

environmental standards.

Bioactivity Screening

Preliminary bioactivity screening of

the

synthesizedompoundsgainst:

stakeholdeengagement.
SyntheticYield and Efficiency.

This review describes a multicomponent approach
protocols and ensure that they are contextuallyfor the synthesis of sulfur heterocycles, white
obtainedoy one potreactionsReactionsvereassessed
for conversionreactiontime, and workup effort.

Heterocycles

Compound Reactants Used (Aldehyde / Sulfur Yield Reaction Purification
Code Donor / Active (%) Time Method
Methylene) (min)
SHO01 BenzaldehydéThiourea Malononitrile 82 35 Recrystallization
SH-02 4-Nitrobenzaldehyde / 76 40 Column Chromatograph
Thiosemicarbazide / Ethyicetoacetate
SH03 Vanillin / Thiourea / 88 30 Recrystallization
Malononitrile
SH-04 Acetophenone 69 45 Column Chromatograph
Thiosemicarbazide /
Malononitrile
Vol. 13| Issue 1| January2026 218 www.newmanpublication.com
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Spectral data were in good agreement with the
formation of target heterocycles. The CN and NH
peaksobserved,combinedwith the aromaticproton
signalsin theNMR spectrasupported the assignment
of these structures.

Compounds bearing electralonating groups
(e.g., vanillin) afforded high yields and needed shorte
reactiortimes.ln manyinstancesiecrystallizatiorwas
enoughpurification,suggesting that this method may
be fieldadaptable.

Optimization Trials:

Optimizationfor Yield and Sustainabilitythrough
Systematid/ariationof ReactionrParameters

Table2. Effect of SolventandCatalyston theYield of

Bioactivity Screening

Functionalrelevancevas assessdgy preliminary
antimicrobialandantioxidantassays.

Table 4. Antimicrobial Activity (Zone of Inhibition

SHO1 in mm)
Solvent Catalyst Yield Observations
(%) CompoundCode | E.coli| S.aureus| P.aeruginosg
Ethanol L-Proline 82 Cleanreactioneasy SHO1 14 16 12
workup SH-02 12 18 10
Water Citric Acid 78 Slowerreaction, SH-03 16 20 14
greeneprofile
ANTIMICROBIAL
No Solvent| No Catalyst 65 Incomplete
conversionfield- :
friendly S / E. coli
DMF CucCl 85 Highestyield, poor
environmentabkcore ANTIOXIDANT .
| [ —> -
S. oureus
Reaction Yield under Different Conditions
100
CYTOTOXICITY [38883353
85% 00000000
0000000
%% 00600000

~

65% T

Yield (%)

Figure 4: Antimicrobial Activity

SH-03 had the greatest efficacy and at the highest
level in comparison to other groups on all pathogens,
especially S.aureus, so it is a good candidate for further
pharmacological tests.

FieldValidationandReplicability

Water No Solvent
(Citric Acid) (No Catalyst)
Reaction Conditions

Ethanol
(L-Proline)

iy

Figure 3: Effect of Solventand Catalyst on the Yield of

SH-O01 _ _ . . Reactions were cornered and experimentally
L-proline synthesis with ethanol in ABE replicated in simplified assays in semban lab

fermentation allowed for to conciliation of carbon settings. Results were consistent with core lab trials,
efficiency and sustainability. Solvefree conditions  confirming generalizability to the field.

were suitable, albeit they were slower. Table 5. Field Replication Summary
SpectralCharacterization

All synthesized compounds were identified based Compound | Lab Type | Yield| Purification| Stakeholder
on their IR, NMR, and MS. This was confirmed by all |  C0de (*0) Ease Feedback
the compoundsAt present, only important functional SHol | Semiurban 80 Easy Positive
groups and structural features are working so far. lab
Table 3. IR and NMR Highlights for Selected SHO03 | Classroom| 85 Easy Highly
Compounds setup engaging
Compound IR Peaks | *H NMR Signals | MS (m/z) Example field trials demonstrated the
Code (cm ] (ppm) methodology's robustness. The stakeholders found the
protocols simple and wedrticulated.
SH01 3320(NH), | 7.217.8(Ar-H), 9.5 218 . .
2200(CN) (NH) Discussion
Effect of Solventand Catalyst on the Yield of SH-01
SH02 3300(NH), | 7.0i8.0(Ar-H),10.2| 245 . .
1680(C=0) (NH) The polarity of the solvent and the kind of
catalysts also had a notable effect on@Hyield. The
SH03 3350(0H), | 6.817.5(Ar-H), 9.8 230 combinationof ethanol Z n CWasthe most efficient,
2205(CN) (NH) whichallowed ayield of 65%to be achieved at the end,
whereas for water without a catalyst, only 30%. This
Vol. 13| Issue 1| January2026 219 www.newmanpublication.com
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trend is consistent with previous reports, where it hasnterpretedthe first datain contextually appropriate
been shown that polar protic solvents help to stabilizdormats that could be disseminated bilingually.

the transition state, thus aiding nucleophilic coneiusion

substitution reactions (Kumar et al., 2021).

In consequencéghanksto Z n CWwhichisalewis
acid, the assistancef electrophiliccenters, activating
well, allowed a speeding up of the reaction kinetics.
On the other hand, moderate performaneas
monitoredin Cu ( O Adisolvedin toluene, most
likely due to its restricted solubilityand superior
catalyticstrengthwhenemployedin non-polarmedia.

To frameour findingsrationally andethically, we
provideacontextdependensynthesiof SH 01, with
the noteworthy observation that solveatalyst pairs
play an important role in achievirgptimalyield and
maximum structuralfidelity. Ethanol Z n Cwasthe
best amongst them as it is economically feasible,
environmentally friendly, and easy to recycle from

, VTS rural areas. This result further emphasized the
Thesediscoveries illustrate the power of solvent ;. -remental effect of polar protic solvents used in

catalyst synergy toward protocol optimization, gynergy with being a most functional solvent and
particularly in rural laboratories that are marginalized Lewis acidcatalysis, which is more aligned with the

by .theavailability, coupled with th(_a hazardqus nature, prindples of green chemistry and fieltbplicable
which may enforce solvent selection decisions. operations.

SpectralHighlights: IR and NMR Analysis. The use of IR and NMBogether allowed spectral
IR spectraof SH-01 showedcharacteristisignals  analysis to confirm the molecular structureSé#01.
at 3320 c m (NH stretching)and 2200c m 1 ( @edrNH and CNstretches irthe IR, togethemwith a
stretching) whichwereassignedo primaryamineand  well-resolvedaromaticregion andasharpNH proton
nitrile functionalities,respectively. Therails of these  signalin thelH-NMR, provideevidenceof goodpurity
peaks were identical between all solvent catalyst and consistency across reaction conditionEhis
conditions,suggestinghat the product had remained validates the reproducibility of theynthetic route and

intact. further demonstrates scope for additional bioactivity
Moreover, NMR analysis revealed a similar ~ SCreening and derivative development.
molecularskeleton.The aromaticprotonsappeared at Significantly, the methodology employed here is

0 H7.2i 7.8 ppm, and the NH proton was detected atscalable and deliberately applies to participatory
GH 9. 5 pp mfie[dshift of NHisleowsH-p  validation.  Supporting democratized research
bonding effect or deshieldingnature,which may be practices within semiirban and rural laboratories by

formed due to intramolecular interaction. (Singh & prioritizing accessible reagents, bilingual

Patel, 2020). The presence of these spectral featuretcumentationand ethical safeguards. This provides
assures that the synthesis of-8His valid and pure. a mix of validatable literature and humanised
Comparative Literature Insights. interpretation, which maintains a dependable scientific

. credibility whilst providing social relevance.
The apparent solveintatalyst effects that we have

observed are in line with the principles of green !N summary, SHO1 provides a sustainable, clear
chemistry, as ethanol a rokeclg gignpture withyfigld appligakility. Inaddgiony, | ¢ ¢ g
as both relatively benign and recyclajfnastasg ~ Prospective —research — might  investigate the
Warner,1998) Thisis particularlyimportantasstudies ~ Pharmacological implications  of this compound,
elsewherehave also demonstrated solvenédiated roaden the solventicatalyst
improvements in the synthesis of bioactive toqlklts for communlty b{:\sedchemlstry_ educa’glon.
heterocycles (Reddﬁt al., 2022), hlghllghtlng the This method affirms thﬂmportanCEOf Integratlng

importanceand sustainabilitybenefitsthat this study ~ P@sicprinciplesof technology into chemical research,
has on future synthetic design. priorities which are supported by empathy, ethics, and

- . empowerment.
In addition, the spectral signatures of-8H also

match those previously published for structurally
similar moleculesfrom literature29like substituted Theauthothasnoconflictsof interestelatedo this
benzimidazolesandquinazolines (Mehtatal.,2023).  study. There is no involvement of financial,
This is indicative of bioactivity and indicates professionalor personalrelationshipsin the design,
compounds that can be further explored for executionanalysisandsubmissiorof the study. The
pharmacological screening. current research is not funded by any funding agency
or company, and there is no commercial sponsor to
influence the results and the conclusions. Ethical and

In the contextof arural deploymentethanoland  5cademic issues have all been respected during the
Z n Cprovide a safeand accessibleoption for local research process.

laboratories. The method skips the use of toxic
reagents and lends itself to participatory research
models where a community lab could independently
reproduce and authenticate results. During the entire
process, ethical precautions were uphelegibning
with collecting datain a mannerthat producedand

Conflicts of Interest:

Field Relevanceand Ethical Considerations
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Spirooxiindoles

Dr. Achut R. Shinde
Head and assistant professor,
Department of Analytical Chemistry,
Sanjeevanee mahavidyalaya, Chapoli, Tq. Chaur, Dist.

Abstract:

A new and efficient one pot three component tris(pentafluorophenyl)borane sfB)s{Catalyzed domino
synthetic strategy has been developed for the synthesis of SpimyfdH3,3-0xindoles]. Reaction utilizes one pot three
component cascade reaction between various isatin derivatives, malononitrile and cydiketbi3es under mild
condition with excellent yield and known for potent biological and pharmacological activity

Key Words: Isatin derivatives, malononitrile, cyclic 2diketones, tris(pentafluorophenyl) borane, Spiro-ghan3,3-
oxindoles], biological and pharmacological activity etc.

Graphical Abstract:

<
CN
e} Malonitrile
N + DMSO /" >NH,
100-110°C CN
Isatin derivatives H
Spirooxiindole
One Pot Three Component B (C6F5)3 Catalyzed Cascade Synthesis of Spirooxiindoles

ion- Horsfiline, Coerulescine, and Elacomine which are isolated
Introduction: . ;
. _ . from the roots of Horsfieldia superba, Phalaris
Spirooxindolesare an important class of organic coerylescens, and Elaeagnus commutate, respectivély.
compounds  characterized by a spirocyclic structurgyoy a days the extent of research is ongoing on the
centered on the oxindole scaffold. They are a cOrgynthesis of spirooxindole due to their potent biological
structural - motif in ~ numerous natural  products, ang pharmacological activities. Numerous analogs were
pharmaceuticals, and biologically active moleculesynown for their promising biological activities, many
Spirooxindole genety isolated naturally from alkaloids. gcaffold bearing spiro linkage fused aB3@osition with
Spirooxindole constitutes an oxiindole core unit fused withypirgoxindole core unit shows potential anticancer activity,
various heterocyclic motifs at the-Zor G3 position,  these moieties known for their potential anticancer alfent.
structural diversity of spiroxindole scaffold capture 16 gARS CoV-2 inhibitorsl”-*8cholinesterase inhibitors for

attention of many r éesyghasisc heL$® mbEAWarods 818 AiwdeSoméEndeafiofd s
of spirooxindole due to their excellent biological activities gg\g antiproliferative functions against can&#as well

h 1 1 2 i i i c s . A .
such a? anumor,” ant-HIV,: ant.|-b7acte.r|al3, a,m'é as some have been exhibiting antibacterial and antifungal
cancer*® anticonvulsivé® anti-microbial’antimalarial activities?2?6 Fig.1 illustrate some tested biologically

ant-tubercular;  antidiabetici® antroxidant!®  etc.  potent scaffold.

Spirooindole derivatives are known for diverse biological , . .
activities due to their rigid and 3D geometrical structure, _ Litérature survey reveals that the biological and
Spiro fused heterocyclic ring atZ and G3 position of ~Pharmacological potency of the sprooixndole scaffold is
oxindole is the main millstone for exhibiting anticancer'[he key factor which makes the synthesis of spirooxindole

activity. There are nures of biologically active analogs is a challenging and interesting filed for the researchers to
were known for their anticancer activities such a

sconceive efficient synthetic ethodologies. In recent there
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were numerous protocols have been developed for thene pot three component cascade synthesis of spio[4H
synthesis of spirooxindole with fused chromenes such agsyran3 , -&iNfole] derivatives by various substituted
three component condensation of isatin derivatives witlisatin, malonitrile with cyclic 1,3 diketone by using
activated methylene reagents and 1,3 dicarbonyris(pentafluorophenyl)borane [B (C6F5)3] as efficient
compounds using different catalyst suchraethylbenzyl catalyst in DMSO solvent. (Scheme.1)
ammonium chloride (TEBA), InChL?®,  NE&%,

electrogenerated base (NaBr/RGH) -cyclodextrirt?, <CN
[BMIM|BF 42, L-proline®, MgO®*, surfactant metal 2 e R
carboxylate®, ethylenediaminediacetdte Carboii 0 Malonitrile

SO:H3, ZnS NP#. Numerous synthetic maitiologies @ﬁgco _HmoehofBCTh, IO
were reported for the synthesis of spirooxindole such as N * o DMS0 '
Dipolar cycloaddition ([3+2kycloaddition), Domino QR' o-no'e NN

KnoevenagélMichael cyclization Michael cyclization of Ismil;';‘e'rivms R "
isatin(s), which relies on the Michael reaction of the isatin © i
carbonyl group at €, along with cyclization determined 3l Spirooxiindole
by the accessibility of the chemical structure of the Cyelic 1,3-diketones

attacking Michael agent, Aminalization of isatin-3C
where the formed aminals can undergo cyclization R
reactions to yield spirooxindoles, spirooxindoles is alsg *
syrthesized by using multicomponent reactions,| scheme. 1. One Pot Three Component B (C6F5)3 Catalyzed Cascade Synthesis of Spirooxiindoles
homogeneous and heterogeneous metal catalyzed reactions

as well as solvent free nano catalyzed reactions. Tris(pentafluorophenyl) Borane exhibits a moderate
Lewis acidic nature which facilitates its application in
organic transformations. Recently (BCF) is used in many
chemo, regic, and stereo selective transformation due to
its mild, nontoxic, environmentsl benign, moisture
tolerant, air stable, heatable, inherently electrophilic,
moderate and versatile high regipgheme and stereo
selective nature. Low catalytic loading and moisture
tolerance nature of (BCF) favors the superiority rather than
the oher generally used Lewis acid catalyst. Herein we
have reportecbne pot three component cost effective,
L~ efficient, convenient, cascade synthesis of spirepyran

H 3 ,-&iNgole] derivatives by easily available various
substituted isatin, malonitrile and cyclic 1,3 diketone by

=R'=H 3i
=R"=Me 3ii

Anti-cancer

7 using tris(pentafluorophenyl)borane [Bsf)3] as efficient
= catalyst in DMSO solvent.
1 ]¥%” Material and Methods:
Antibacterial Anti-bacterial \/\nli—g\wmbul ChemIStry
Fig.1 Representative biologically active Scaffold bearing spirooxindole core unit All chemicals were from SlgmAIdnch or ACros

All the reported synthetic methodologies are effective?d Were used without further purification unless and
but majority of them are associated with some drawback@therwise mentioned. Melting points are recorded using
such as harsh reaction conditions, tedious long reactiogdchi B-540 melting point apparatus in capillary tubes and
time, use of expensive catalyst, use of poisonous anf€ uncorrected. All commercial reagenire used
expensive catalyst, use of expesmsiand corrosive without additional purification. Analytical thin layer
solvents, prolonged heating. Therefore the demand ditromatography (TLC) was performed on-prated silica
simple efficient and environmental being new syntheticde! 60 s4 plates. Visualization on TLC was achieved by

protocol for the synthesis of spirooxindole derivative.  the use of UV light (254 nm). Column chromatography was
undertaken on silicgel (106200 mesh) using a proper

In the present work we have developed simpleg,ent system. NMR spectra were recorded in chloroform
environmental being and efficient protocol for they gnd pmsods at 400 forH NMR spectra. All the
synthesis of spirooxindole and its derivatives Aenew  hroqucts were identified by comparing of melting point
and  efficient one  pot three  componentangiy NMR spectra with those of authentic samples
tris(pentafluorophenyl)borane [B §E&5)s] catalyzed reported in the literature.
domino synthetic strategy. This transformation was carried ) _
out by refluxing various substituted isatin, malonitrile with EXPerimental:

cyclic 1,3 diketone by using tris(pentafluorophenyl)boraneGeneral Procedure for synthesis of Spirooxindoles:

[B (CéFs)al as efficient catalyst in DMSO solvent. In the A mixture of substituted isatins (1 mmol), cyclic
present ongoing effort we haxeveloped new protocol for 1,3-diketone (1 mmol), malononitrile (1mmolB(CeHs)s
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(20 mol%) in DMSO (24ml) was heated as 16020° C DMSO at 100110°C using 20 mol % of BgEs)s as a

for 45 60 min in a sealed tube. After cooling, the reactioncatalyst. The progress of the reaction was checked by TLC
mixture was poured into water and extracted with EtOAcand after 20 h the product 4i was obtained in 80% yield
The organic layer was washed with brine, dried ove(Table 1, entry 6). The formation of compound 4i was

MgSO4, and concentrated in vacuufrhe residue was

purified by flash column chromatography (silica gel,

hexanes/EtOAc) to give desired produkl. the products
were identified by comparing of melting point aihti

2
NMR spectra with those of authentic samples reported in%o +
N

the literature.

2-Amino-5 -Nijtro -2 Njlox®»-5,6,7,8
Tetrahydrospiro[Chrom -ene4 , -Bddjine]-
3Carbonitri -le (4iii):

m.p. 283285 °C:!H NMR (400 MHz, DMSGds) U :

1.79-2.02 (m, 2H, CH), 2.222.26 (m, 2H,

CH,), 2.622.69 (m, 2H, CH), 7.03 (d, J=8.6 Hz, 1H),
7.40 (brs, 2H, NH), 7.87 (s, 1H, ArH),

8.13 (d, J= 6.22 Hz, 1H, ArH), 11.17 (s, 1H, NH).

Amino-5 Nploro-2 Njdidxo-5,6,7,8tetrahydro -
spiro[chromene-4 , -iBddjine]-3-carbonitrile (4iv):

m.p. 293294 °C (dec)'H NMR (400 MHz, DMSQ
d) U :-2.00 (M8 2H, CH), 2.21 (tJ= 6.8 Hz, 2H,
CHy), 2.64 (tJ= 6.4 Hz, 2H, CH), 6.81 (dJ= 8.4 Hz,
1H, ArH), 7.18 (dJ = 2.0 Hz, 1H, ArH), 7.24 (d] = 8.0
Hz, 1H, ArH), 7.31(brs, 2H, N§J, 10.57 (s, 1H, NH).

2-Amino-1 Nj, 2 Npheéxahydro-3 Njgtiimethyl -2 Nj, 5
dioxospiro[4H-1-b enzopyr an4, 3 Nj[ 33H]
carbonitrile (4vi):

m.p. 275277 °C;:!H NMR (400 MHz, DMSGds) U
0.99 (s, CH), 1.03 (s, Ch), 2.122.15 (m, CH), 2.19 (s,
CHa), 2.502.53 (m, CH), 6.68 (d,J=7.6, 1H, ArH), 6.75
(s, 1H, ArH), 6.90 (dJ=10.4, 1H, ArH), 7.14 (br. s, Ndi
10.26 (s, NH).

2-Amino-5 #ghloro-8,8-Dimethyl-2 NjDid&xo-5,6,7,8
Tetrahydrospiro[Chromene-4 , -Biddj -ine]
Carbonitrile (4viii):

m.p. 288289 °C;'HNMR (400 MHz, DMSQds)
1.01 (s, 6H, Ch), 2.11(s, 2H, Ch), 2.602.43 (m, 2H,
CH,), 6.79 (d,J=8.1Hz, 1H, ArH), 7.06 (s, 1H, ArH), 7.16
(d, J=8.2 Hz, 1H, ArH), 7.27 (brs, 2H, NdJ 10.65 (s, 1H,
NH).

Result and Discussion:

-3

To reveal our methodology, we purchased BCF, 5

confirmed by comparingH, NMR
CN
<

CN

Catalyst

Entry Catalyst (mol%) Temp (°C) Yield (%)

100 00
100 20
100 25
100 45
100 60
100 90
100 80
100 42
100 50
100 55
100 62

B(CFs)s (1)
B(CgFs); (5)
B(CqFs); (10)
B(C¢Fs); (15)
B(CgFs); (20)
B(CgFs); (25)
Fe,05(20)
ZnCl, (20)
BiCl; (20)
FeCly(20)

O 0 a9 &N L B W N —

_ o

Table 1. Screening !)f c:ﬁlygfoghe Isym%sil of 4i.

_ spectroscopic data with literature data. To know the
effectiveness of BCF, we repeated the same reaction with
1,5, 10, 15, 20, and 25 mol % of BCF and we got product
4i in 90% vyield after 60 min when 20 mol % of BCF was
used as catalyst (Table 1, entry B) realize the efficiency

of BCF, same reaction was repeated with different solid
acid catalysts such as #B, ZnCh, FeC, BIiCI3, and
B(CsFs)s. Among these tested solid acid catalysts, BCF was
found as excellent catalysts in terms of reaction time and
chemical yield (Table 1, entry 6). To know the effect of
solvent on chemical yield of this reaction, we performed
same reaction with different sants such as
tetrahydrofuran, toluene, DMSO, acetonitrile, chloroform,
ethanol, and water and found that DMSO provides the best
results (Table 2, entry 1). Therefore, the use of 20 mol% of
B (C6F5)3 in DMSO is superior for this conversion.

Under the optimized reaction conditions, we

bromoisatin (1 mmol), malononitrile (1 mmol), and -1,3 synthesized several spiro[4pyran3 , -&iNfloles] in 62

cyclohexadione (1 mmoBommercially and used without
any purification.
oxindoles] (4iviii) has been achieved from-tFomoisatin
(2 mmol), malononitrile (1 mmol), and 1¢yclohexadione
(2 mmol) in the presence of Bkz)s as a solid acid catalyst
at 106110°C. The structure of products -{dii)) was

Synthesis of spiro[4pyran3 ,-3 Ng

90% vyield. All mentioned reactions proceeded smoothly to
ive corresponding product in excellent yields.

confirmed by comparing spectroscopic data with literature

values. To optinze reaction conditions, we initially

examined the role of catalyst and screened several solid

acid catalysts. bromoisatin (1 mmol), malononitrile (1
mmol), and 1,&yclohexadione (1 mmolyere selected as
model starting materials and the reaction wasezout in
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<CN
2
B(CFs);
I
20 mol% 16-24 h

SRS

o]

3 4i

Entry Solvent Temp (c) Yield (%)
1 DMSO 100 90
2 THF 66 41
3 Toluene 110 29
4 CH;CN 82 50
5 CHCly 50 35
6 EtOH 80 39
7 H,0 100 n.d.
8 100 31

Table 2. Screening of solvent for synthesis of 4i.
A number of substituted isatins, various cyclic-1,3  Table.3 BCF catalyzed multicomponent synthesis of Spirooxindole
diketones, and malononitrile were reacted with &l

(Table 3). Both electronich (Table 3, entries 2, 6) and
electrondeficient (Table 3, entries 1,5 7, 8) isatins were component cost effective, efficient, convenient, cascade
used as substrates in all of the reactions, which clearl§ynthesis of spiro[4kpyran3 , -@&iNglole] derivatives by
produced the exméed spirooxindole products in good to €asily available various substituted isatin, malonitrile and
outstanding yields. Despite the positive results of 1,3cyclic 1,3 diketone by using $fpentafluorophenyl) borane
cyclohexadione and 5&imethyt1,3-cyclohexadione, 5;

dimethylt1,3-cyclohexadione produced lower yields and a

longer reaction time.
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used to design new drug carriers that can improve drug

. . . delivery efficacy and reduce toxicity.
Artificial Intelligence can be used to optimize drug

delivery systems in several ways such as predicting drug'tificial Intelligence i n Drug Delivery Systems
behaviour in the body, predicting drug interactions, and.iposome Drug Delivery.

optimizing drug formulations. Machine leaming | i;nsomes are defined as shape consisting of one or
algorithms can be used to analyse large datasets of driygaqter concentric spheres of lipid bilayers separated by
behaviour in the body and predict drug response. This Cafjater or aqueous buffer compartments. Phospholipids are
be useful in designing drug deliveisystems that are e main component of naturally occurring bilayers. These
optlmlz_ed for specmc.patlent populapons. One examplep hospholipids include phosphatidholines  (PC),
Al-assisted drug delivery systems is the use of maching,,qphatidylethanolamines (PE) and phosphatidylserines
Iearnmg aIgor!thms to optimize drug _formulatlons. (PS). Al has been utilized to optimize liposome drug
Machine learning algorithms can be trained on largeyejivery systems by predicting the behaviour of liposomes
datasets of drug bewaur in the body to predict the i, pigiogical systems and designing new liposomes with

optimal formulation for a specific drug. This can reduce th‘?mproved drug deliery efficacy Liposomes are composed
time and cost associated with formulation development angs” shall vesicles of phospholipids encapsulating an

can lead to better drug efficacy. Another example of Al 4 queous space ranging from ap
assisted drug delivery system is the use ofalewtworks i, jiameter. Consisting of one or more concentric spheres
to predict drug interactions. Neural networks can be trainegds lipid bilayers enclosing aqueous compartments.
on large datasets of drug interactions to predict pmemi&}_‘iposomes had been attracting growing attention as a drug
interactions between different drugs. This can be useful iBrovider for drug delivery systems due to the fact they
designing drug delivery systems that minimize drugeqg convey each hydrophilic compounds and lipophilic
interactionsand reduce side effects. Artificial Intelligence compounds. Liposomes are significantly used as carriers
in Drug Delivery Systems, various drug delivery systemsqr nymerous molecules in cosmetiad pharmaceutical
such ~as nanoparticles, liposomes, —microsphereg,sries. Additionally, meals and farming industries have
dendrimers, and hydrogels. Al has played a significant rolgjgnificantly studied using liposome encapsulation to
in the opt|m|zafc|on of dru_g _dehvery systs by deS|gn|ng develop delivery systems that may entrap volatile
new drug carriers, predicting drug release profiles, andomnaunds (for example, antimicrobials, antioxidants,
optimizing drug dosages. flavours and bioadte elements) and defend their
Nanoparticles. functionality. Liposomes can trap each hydrophobic and
Nanotechnology is science of matter and material thatydrophilic compound, keep away from decomposition of
deal with the particle si zZR® eprappedeompinatops, and releage,the epirarpef ak N 4
is derived from Latin word, which means dwarf (Lnm=10 SPecial targets.
9m). Nanoparticles are defined as particulate dispersions dficrosphere Drug Delivery.
solid _part.icles with a sizim the range of 101000nm. The Microsphere drug delivery systems are spherical
drug is dissolved, entrapped, encapsulated or attached 1Q)gyicies that can be loaded with drugs for controlled drug
nanoparticle matrix.Nanopatrticles _offer some spec_lflc release. Al has been used to optimize microsphere drug
advantages such as they help to increase the stability gijivery systems by predicting drug release profiles and

drugs/proteins and possess useful controlied releas)yimizing microsphere compositiororf improved drug
properties. It can be modified to achieve both active a”@lelivery.

passive targeting; drug loading is very high and can be ) .

administered by various routes such as parenteral, nashendrimers Drug Delivery.

intra ocular and oral routes. Al has been used to design and Dendrimers are precisely defined, synthetic
optimize nanoparticldrug delivery systems. For instance, nanoparticles that are approximatelyl® nm in diameter.
machine learning algorithms have been used to predict tHEhey are made up of layers of polymer surrounding a
behaviour of nanoparticles in biological systems, enablingontrol core. The dendrimers surface contains many
the optimization of drug release profiles and targeting otlifferent sites to which drugs may be attach arsb al
specific tissues. Additionally, Al algohins have been attachment sites for materials such as PEG which can be

Introduction :
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used to modified the way of dendrimer which interacts withFormulation Design.

body. PEG can be attached toydg %%éeb B ptimize%he dofiudi®rt dr Gr&y® | !
prevent the bodyo6s def encqgdf&fBrisNsuch s lijosbmes 8nf hafiopdrtici®sSto |
there by slowing the process of break down. Thisynhance drug efficacy and reduce toxicity. Al algorithms
fascinating particle holds sigigant promise for cancer .5, analyse data on the physicochemical properties of
treatment. Its many branches allow other molecules Q45 and the characteristics ofidety systems to design

easily attach to its surface. Researchers have faSh'on%%timized formulations. For instance, deep learning
dendrimers into sophisticated anticancer machines Carryi”&gorithms can be used to predict the properties of different

five chemical tool§ a molecule designed to bind.to Cancersomylations and identify the optimal conditions for drug
cells, a second that fluorescence upon locating ge”et'IBading and release.

mutations, a third to assist in imaging tumour shape using , )

x-rays, a fourth carrying drugs released on demand, andfzersonalized Drug Delivery

fifth that would send a signal when cancerous cells are Al can be used to develop personalized drug delivery
finally dead. The creators fothese dendrimers had systems that are tailored to individual patients. Al
successful tests with cancer cells in culture and plan to trlgorithms can analyse patient data, such as genetic
them in living animals soon. information, medical history, and lifestyle factors, to
Hydrogel. design personalized drug formulations ardbsing

_ ) . regimens. For example, Alased drug delivery systems
Hydrogels —are thredimensional, hydrophilic, paye peen developed for diabetes management that use

polymeric networks capable of imbibing large amounts 0fqntinous glucose monitoring and predictive algorithms
water or biological fluids. The networks are composed ot adjust insulin dosing in resime.

homopolymers or copolymers, and are insoluble due to the

presence of chemical crosslinks {fieints, junctions), or Quality Control.

physical crosslinks, such as entanglements or crystallites. Al can be used to monitor the quality and consistency
Hydrogels exhibit a thermodynamic compatibility with of drug delivery systems during production. Al algorithms
water, which allows them to swell in aqgueous media. Thegan analyse data on manufacturing parameters, such as
are used to regulate drug release in reservoir basettmperature, pressure, and flow rates, to detect and prevent
controlled elease systems or as carriers in swellable anduality defects. For instangcgeep learning algorithms have
swelling-controlled release devices. On the forefront ofbeen used to detect defects in pharmaceutical tablets by
controlled drug delivery, hydrogels as envirointelligent andanalysing images of the tablets during production.
stimuli-sensitive gel _sys_,tems modulat_e r_elease in reSPON§Eecent Trends in Artificial Intelligence in Novel Drug

to pH, temperature, ionic strethg electric field, or specific Delivery Systems

analyte concentration differences. In these systems, release ST ) )

can be designed to occur within specific areas of the body Artificial intelligence (Al) has the potential to
(e.g., within a certain pH of the digestive tract) or also via@volutionize the field of drug delivery by optimizing drug
specific sites (adhesive or cell recepspecific gels via design, improving drug targeting, and _enhancmg drug
tethered chains from the hydrogel surface). Hydrogels a&lease. Here are some recent trends imrMen drug

drug delivery systems can be very promising materials iflélivery systems:

combined with the technique of molecular imprinting Machine learning for drug discovery.

Current State of Ai In Drug Delivery Systems Machine learning algorithms are being used to analyse

Al has the potential to transform drug delivery systemdarge datasets and identify potential drug targets, predict
in several ways. For example, Al can be used to identiffirug efficacy, and optimize drug properties.-gdwered
novel drug targets, optimize drug formulations, and predicfirug discovery platforms can screen millions of
drug efficacy and toxicity. One promising application of Al compounds, drastically reducing the time and cost of drug
in drug delivery system is the development of development.
personalized medicine. By analysing patient dataNanoparticle-based drug delivery systems.
including genetic and demographic information, Al
algorithms can predict how an individual patient will
respond to a particular drug, enabling the development g
personalized therags. Here are some key ways in which
Al can be used in novel drug delivery system:

Nanopatrticles can be engineered to deliver drugs to
pecific cells or tissues in the body. Al is being used to
ptimize the design of these nanoparticles to improve drug
efficacy and reduce toxicity.

. Predictive models for drug release.
Prediction of drug release. g

. Al models can predict how drugs will behave in the
.AI can be uged fo predict drug release_rates fro ody and design drug delivery systems that release the drug

various drug delivery systems, such as mlcrospherez]ra controlled manner. This can help to ensure that drugs

nanoparticles, and liposomes. This information can be use e released at the right ime and in the right place in the

to optimize drug dosages gnd to ensure that drugs a[)%dy, improving therapeiat outcomes and reducing side
released at the appropriate times.

effects.
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Smart drug delivery systems. must be addressed. One challenge is the need for large

Al-powered sensors can be used to monitor dru§mounts of highlguality data to train Al algorithmsn drug
release in reaime, allowing doctors to adjust drug elivery systems, this data can be difficult to obtain due to

dosages and optimize treatment plans for individual"® complexity of biological systems.
patients. Conclusion:

Personalized medicine The use of Al in novel drug delivery systems has the

Al can be used to analyse patient data and desigﬂotential to revolutionize the field of medicine. -Al
personalized drug delivery systems that are tailored to eadtpWered drug delivery systems can improve drug efficacy,
individual's unique physiology and medical history. Thisfeduce side effects, and enhance patient outcomes. As Al

can improve treatment outcomes and reduce the risk ¢F¢hnology continues to advance, v@& expect to see even
adverse reactions. more innovative drug delivery systems that are designed to

) meet the specific needs of individual patients. Regarding
Challenges in Al. various novel techniques used for improving safety and
Despite the many opportunities presented by Al irefficacy of phytomedicines and application of novel
drug delivery systems, there are also several challenges tHatmulation.

7. Torchilin VP. Structure and design of polymeric
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Abstract:

Commer ce

and Science College,

The oxidation of2-butanol by a mild and selective oxidizing ager€Nloroisonicotinamide (NCIN) leads
tothe formation of corresponding ketones. The reaction found first order in NCIN. Oxidation resultefdimttan
of ketonic compounds. The reaction follows Arrhenius relationship with respedBttaRol. A retarding effect of
acetic acid is observed. The aliphatic alcohols are widely used as diluents in the Perfcasty. Various
thermodynamigarameterfiavebeencomputedNo evidenceof Polymerizatiorof acrylonitrile showed no effect of
free radical on the rate of reaction. Suitable reactienlanism has beeanggested for the oxidation of the alcohols
in the absence and presence of transition metal ions. Stoichiostetticrevealedl:1 mole ratio. On the basisof
thermodynami@arameterandstoichiometrya feasiblemechanism haseenproposedndratelaw hasbeenderived

Keywords: Kinetics, Oxidation, Zoutano) N-ChloroisonicotinamidgAcetic acid etc.

Introduction :

Organic reaction mechanism not only deals
with the relationship between the molecular structure
and chemical properties but tells us about the rate
constants. Alcohols are emitted to atmosphere by
anthropogeni¢fuels additivesindustrialsolvents)yand
biogenic (vegetationsources. [4]

N-chloroisonicotinamide (NCIN) is a new
member of the Ahalo family. NCIN, the derivative of
Isonicotinamide is a mild, stable, efficient, and
inexpensive oxidant for organic substates [5]. The
elementalanalysis and physical properties of NCIN
affirm the presence of the-X bond. For this reason, it

Aliphatic secondary alcohols (ASA) are
studied with various oxidants and follows first order
kinetics.Butan2-ol is a secondarglcoholalsostudied
individual with variousoxidants

The general review of the literature explored
that no works have been reported about the oxidation
of Butan2-ol with NCIN; so, this prompted for the
present investigation and evaluate kinetic parameters
as well asorrelationanalysisAll the data collected has
beencollated and suitable reactiognechanisms have
been suggested forthe oxidation of the aliphatic
secondaryalcoholsin the presenceand absenceof
metalions.

is possible thathe compound serving as an effective Materials and Methods:

source of halonium ion. The study of benzyl ethers
Benzaldehyde dN- butyl acetal andits derivativeq6-

10] revealsthe mildnessand selectivenes®f NCIN
[11-12].

The oxidation kinetics of secondary alcohol
has been extensively studied. They have substantially
helped to our understanding of mechanistic pathway
for reaction. Oxidation of alcohols to the related
aldehydes and ketones is one of the most
transformations in organic synthesis and numerous
methods are available in thigerature[13-14].

Aliphatic secondary alcohol (ASA) has an
essential role in cosmetics, fragrance and
pharmaceuticalndustries. The kinetics of ASA with
different oxidants has been reported. This paper deals
with thekinetics of oxidation of the aliphatic secondary
alcohols 2Butanol in the temperature range 303K and
the effectof ionic strengthon the oxidationrateof the
alcoholsusingK 2SQu,

» Chemicals

Chemicals employed in this study were of A.R.
grade. Double distilled water used throughout the
study. Thesolutions were preparedthoutany further
purification of chemicals. Thesolution of NCIN
preparedby reportedmethod.

Kinetic experiment

The experiments were performed under
pseudefirst-order conditions by keeping an excess of
thesubstrate over NCIN. The experiments were carried
out in a blackcoated stopper glass vessel to avoid any
photochemicaleffect. A thermostated water bath
maintainedthe desired temperaturewithin + 0.1K
(308K).Requisite volumes of all reagents, except
NCIN, were introduced into a reaction vessel and
equilibratedat 308K. A measured volume of NCIN,
equilibrated separately at the same temperature, was
rapidly pourel intothe reaction vessel. The progress of
the reactions was monitored by examining aliquots of
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the reaction mixture for unconsumed NCIN
iodometricallyusingstarchastheindicator.

Product analysis

The end product from the oxidation of Butan
2-olwas ketone and its presence confirm by existing
conventional methods. The analysis of end product was
carried out under kinetic conditions i.e., with the excess
of Butan2-ol was taken over NCIN. After completion
of reaction the solution is treated with an excess
(200ml)  of saturated solution of 24
dinitrophenylhydrazine (DNPH) in 2 mol/drriCl and
kept in refrigerator for 24hours.The precipitateof 2,

4- dinitrophenylhydrazon€DNP) filtered, dried and
weighedrespectivelyRecrystallize the crystal of DNP

The stoichiometric studies of oxidation of Butan
2-ol by NCIN were carried out with excess of oxidant
(NCIN) and maintaining other parameters constant
(HOACc-H20 = 30 % (v/v), Temperature = 308K).The
stoichiometricresults indicated 1 mole of But&hol
consumes 1 mole NCIN as represented by the
following empiricalequation:

CH3-C|HOH + C;H;NCONHC] - CH3-|C=O +HCl + C5H;NCONH,

R
R = CH,-CH; for butan2-ol

Thereis first orderrateconstants unchanged wittan
increasan theNCIN.

with ethanol and weighed again. The DNP was found Order with respectto [oxidant] [substrate]:

identical (m.p. and mixedh.p.)with DNP of Butan2-
ol.

Result and Discussion

The oxidation of Buta2-ol was carried out by
NCIN in PTA at 308K under pseudo first order
ondition. The rate of Butar2-ol and other
aexperimental data were obtained. Oxidation of Butan
‘gg-m by NCIN in presence d®?TA underthe condition
9NCIN] << [Butan-2-ol] had the following kinetic
feature.

Stoichiometric studies:

When the Butai2-ol is in large excess, the
plots of log (ax) vs. time(Fig.1)are found to be linear,
indicating firstorder dependence on NCIN. The
pseudo firstorder rate constants in NCIN calculated at
differentinitial concentrations of the reactants are
found to be independent of the substrate concentration.
The plot of kvgButan-2-ol] is initially linear passing
through origin and tends to obtaitimiting value,
bending towardshorizontal axis(Fig.2). Hence the
reaction follows fractional order behavior with respect
to the Butar2- ol concentration.

DEPENDENCE OF RATHNOML CONCENTRATION

OF N-CHLOROISONICOTINAMIDE

PLOFLog (a-x) vsTime

F‘%”{l- Theplot of log (ax) versustime.
““~Conditionsaregivenin Tablel.

Ci~n 111 DN

LINMAA~ LI NN_NNN/INT

I [NCIN] = 1.5XT(mol dni3) Il [NCIN] = 2.0X T
12 3 3 (mol dni3) 111 [NCIN] = 2.5XI8 (mol dnid) IV
[NCIN] = 3.0XI8 (mol dni3) V [NCIN] = 4.0X1I8
(mol dni3) VI [NCIN[E5.0X103 (mol dm™S)
VIl [NCINJE 7.5X103 (mol dm™3)
0.6
0.3
TIME(sec) h Vil
O T T ! T Vi T 1
3000 8000
( 1000 2000 2000
v
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DEPENDENCHERATEONTHE
CONCENTRATIONSMBSTRAT
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Figure 2: Dependencef ki on [Butan-2-ol]. Conditionsaregivenin Table
Table 1: Effect of variationof reactants ompseudeorderrateconstank; at 308K

10? [Substrate] 1CG°[NCIN] [H*] % HOAC - k1x10® (sh)
(mol dnv3) (mol dnr?) (mol dn?) H20
1.00 2.50 - 30 0.1614
2.50 2.50 - 30 0.2757
4.00 2.50 - 30 0.3377
5.00 2.50 - 30 0.3591
8.00 2.50 - 30 0.3950
10.00 2.50 - 30 0.3987
5.00 1.50 - 30 0.3589
5.00 2.00 - 30 0.3538
5.00 2.50 - 30 0.3592
5.00 4.00 - 30 0.3587
5.00 5.00 - 30 0.3579
5.00 2.50 0.0 30 0.3591
5.00 2.50 0.1 30 0.4342
5.00 2.50 0.15 30 0.4731
5.00 2.50 0.2 30 0.5065
5.00 2.50 0.25 30 0.5254
5.00 2.50 0.3 30 0.5484
5.00 2.50 0.4 30 0.5912
5.00 2.50 0.5 30 0.6116
5.00 2.50 - 10 0.2921
5.00 2.50 - 20 0.3254
5.00 2.50 - 30 0.3591
5.00 2.50 - 40 0.3814
5.00 2.50 - 50 0.4271
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Effect of variation of [H*]:

The catalyzed kinetics was observed by the
addition of perchloric acid. On varying perchloric acid
concentratiorthere is an increase in reaction rate
(Table 1). The plot of log k versus [H] (Figure 3)
gave a straight line withositiveintercept,suggesting
that acid pPropane-olys a complex role in the
reactionsystem.

Effect of solventon reactionvelocity:

retardation of reaction rate omhe addition of
isonicotinamide suggests a prquilibrium step that
involves a process in which isonicotinamideone of
the products. If this equilibrium is involved itne

oxidationprocess the retardatiorshould be ainverse

function of isonicotinamideconcentration.

Figure 3: Dependencef k; on[H*]. Conditionsare Effectof ProductandFree Radical Inhibitor

givenin Table1l. The reaction under study failed to induce
The rate was studied at different concentrations ~ polymerization of added acrylonitrile discarding the
of the solvent. Itis observed that the rate decreases with presence of freeadicalsandfreeradicalpath.

increasingconcentratiorof aceticacid. Effect of temperature:

Effect of ionicstrengthandiso-nicotinamide The effect of temperature on the reactions of Bian
The reactionrate was not influenced by the ol with NCIN in was also studied. The value of energy

addition of chemically neutral salt. Hence the ionic  Of activation,(pS, e Geeredomputed.These

behavior onslow step in the reaction mechanism is  valuesaresummarizedn

ruled out. Addition of isonicotinamide (one of the Table 2 alongwith the otherparameters.

reaction products), atonstant NCIN and Butag-ol

concentration, decreases the rate of reaction. The Table2: Thermodynamiparameters dBUTAN-2-

OL-NCIN system

Substrate Ea. A H* G* -[S*
(kJmol?) (sh) (kJmol?) (kJmolh (JKtmol?)
BUTAN-2-OL 68.58 1.05x16 66.002 88.859 70.119
Mechanisnt more probable is for HOCI. Our kinetic finding also

suggests to us to assume that HOCI is to be considered as
the most predominant, fertile reacting species. Tdads

to thepostulationof thefollowing overallmechanisnand

rate law.

The concentration of NCIN was found to be
constant over a period of time. So, it was found that
there was noappreciablereaction betweenacid and
NCIN.

Retarding effect of INA & solvent and positive effect
of H+ clearly ruled out the NCIN, CH3COOCI,
CH3COO+HOCI are not prime reactive species from the
list of possible reactive species. Thus, the only chack

- . . . . WhereR=CH,-CHsfor Butane2-ol
possibility that is left as a remote prime active species He-CHs
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