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Chapter 1: Introduction

1.1 Introduction to Multicomponent Reactions in Organic Synthesis

Multicomponent reactions (MCRs) represent a powerful and efficient
strategy in modern organic synthesis, wherein three or more reactants
combine in a single reaction vessel to form a product that incorpor
substantial portions of all the starting materials. These reacti

characterized by their high atom economy, operational simpl

reduced number of purification steps. MCRs minimize waste '
energy consumption, making them highly attractive fr bothgfconomic
and environmental perspectives. C

In recent years, MCRs have gained consi bl& attention in the
synthesis of complex organic molecul ticularly heterocyclic
compounds. The ability to constructys r diverse molecules in a
one-pot process significantly enhamnceSysynthetic efficiency. Moreover,
MCRs allow rapid generation of @ompdund libraries, which is especially

useful in pharmaceutical and inal chemistry for drug discovery.
1.2 Importance en-Containing Heterocycles

Nitrogén ining heterocycles constitute one of the most

important of organic compounds due to their wide occurrence in

@ ducts, pharmaceuticals, and biologically active molecules. The

of nitrogen atoms in the ring system often imparts unique
d biological properties such as enhanced reactivity, improved

solubility, and the ability to form hydrogen bonds.

A large number of drugs and therapeutic agents contain nitrogen

heterocycles as their core structure. These compounds exhibit a broad range




of biological activities including antimicrobial, antifungal, antiviral,
anticancer, and anti-inflammatory properties. Their structural diversit

functional versatility make them indispensable in the developme

O

1.3 Structural Features and Types of Triazoles (1 ,3-Q4-Triazoles)

®
Triazoles are five-membered heteroc@ pounds containing

three nitrogen atoms and two carbon ato

medicinal agents and agrochemicals.

ifn the ring. Based on the
position of nitrogen atoms, triazoles clagsified into two main types:

1,2,3-triazoles and 1,2,4-triazoles.

1,2,3-Triazoles are t synthesized through cycloaddition
reactions, such as the n azide—alkyne cycloaddition. These

compounds exhibit,r stability due to aromaticity and are resistant
& n the other hand, 1,2,4-triazoles are generally

@ ondensation reactions and are known for their diverse

es of triazoles possess significant chemical stability, dipole
d ability to participate in hydrogen bonding, which contribute

ide range of applications in medicinal chemistry and material




1.4 Synthetic and Pharmaceutical Importance of Triazole Derivatives

Triazole derivatives have emerged as an important class of
compounds in pharmaceutical chemistry due to their diverse biol
activities and pharmacological properties. Many triazole-based are
widely used as antifungal agents, such as fluconazole and j azole.
These compounds are effective in inhibiting fungal growth erfering

with ergosterol biosynthesis.

In addition to antifungal activity, triag@le dgnvatives exhibit

antibacterial, antiviral, anticancer, and anti—@ ory properties. Their

stability under physiological conditions ility to form strong
interactions with biological targets make themysuitable candidates for drug

design and development.

From a synthetic stand tridzoles serve as valuable intermediates
in organic synthesis. Th o used in materials science, corrosion

inhibition, and coordina chemistry. The versatility of triazole derivatives

makes them a sigfi t focus of ongoing research.

1.5 Ro vent in Chemical Reactions

nts play a crucial role in chemical reactions by influencing

@ & e, mechanism, and product distribution. They provide a medium

or the interaction of reactants and can stabilize intermediates, transition

states, and products.




The choice of solvent affects various factors such as solubility of
reactants, polarity, dielectric constant, and hydrogen bonding capability.
Polar solvents, for example, can stabilize charged intermediates and
enhance reaction rates, while non-polar solvents may favor different

reaction pathways.

In addition, solvents can influence selectivity and vyie
reaction. The use of appropriate solvents can lead to impro
and reduced formation of by-products. In recent years,
growing emphasis on the use of green solvents, such d@s water and

bio-based solvents, to minimize environmental imp@ct.

1.6 Concept of Solvent Effect in Mu@ient Synthesis

In multicomponent syntheS8is, the solvent plays an even more
significant role due to the i of multiple reactants and complex
reaction pathways. The s n influence each step of the reaction
mechanism, including t !o ation of intermediates, cyclization, and final

product stabilizatig

Solve $in MCRs are governed by factors such as polarity,
protic or tic nature, viscosity, and ability to participate in hydrogen
bondi xample, polar protic solvents like water and ethanol can
enha ction rates by stabilizing ionic intermediates, whereas polar
@ sOlyents like DMSO can increase nucleophilicity of reactants.

Furthermore, solvent selection can impact reaction efficiency,
selectivity, and environmental sustainability. The development of
solvent-free conditions and green solvent systems has become an

portant area of research in modern chemistry.




Understanding the effect of solvent in multicomponent synthesis of

triazoles is essential for optimizing reaction conditions, improving yield,
and achieving desired selectivity. This forms the central focus of the present

study.
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Chapter 2: Theoretical Aspects & Reaction Mechanism

2.1 General Principles of Multicomponent Reactions

Multicomponent reactions (MCRs) are based on the principle of
combining three or more reactants in a single reaction vessel to form a

product that incorporates essential fragments of all the starting mat

The key theoretical advantage of MCRs lies in their convergent

where multiple bonds are formed in a single operational step. O

The fundamental principles governing MCRs include: < '

e Atom economy: Maximum incorporation éfireactants into the final

product Q
Step economy: Reduction in t eaction steps

Equilibrium control: Many MERSyproceed through reversible steps
before reaching a stable produgt
Intermediate forma active intermediates such as imines,

enamines, or azide a» ’ rucial role

MCRs ofte & a sequence of elementary reactions such as

condensation, (& , cyclization, and rearrangement occurring in a

controlle nner within the same reaction medium.




2.2 Mechanism of Triazole Formation (Cycloaddition Pathways)

The formation of triazoles, particularly 1,2,3-triazoles, commonly
occurs through cycloaddition reactions, most notably the azide—alkyne

cycloaddition. This reaction can proceed via two main pathways:

e Thermal (uncatalyzed) cycloaddition:
Involves a [3+2] cycloaddition between an azide a
resulting in a mixture of regioisomers (1,4- and 1,5zdiSubstituted
triazoles). This process generally requires higher peratures and
longer reaction times. °
Catalyzed cycloaddition (Click Chen@

In the presence of metal catalyst§ (comumonly copper), the reaction

proceeds regioselectively t@ '4-disubstituted triazoles. The
catalyst facilitates the 1 f a reactive intermediate, lowering
activation energy a ng reaction rate.

The mechanism ty& ves:

1,2,4-triazoles, the mechanism often involves condensation

ions followed by intramolecular cyclization.




2.3 Influence of Solvent Polarity on Reaction Mechanism

Solvent polarity plays a critical role in determining the course and
efficiency of chemical reactions. Polar solvents have high dielectric
constants and can stabilize charged or polar intermediates, thereby low,

activation energy.

e Polar protic solvents (e.g., water, ethanol): O

Stabilize ions through hydrogen bonding and solemn '

Enhance reaction rates involving charged intesme
®

e Polar aprotic solvents (e.g., DMSO, DM \

Do not donate hydrogen bonds but stabilige cations effectively

Increase nucleophilicity of anionSyaccel@sating reactions

e Non-polar solvents (e.g., t@:
Provide minimal stabili arged species

Often result in slo rates

In triazole synthesi& olarity influences:
e Regioselé @

ion kinetics

lity?of transition states




2.4 Solvent—-Solute Interaction and Transition State Stabilization

The interaction between solvent molecules and solute (reactants,

intermediates, and transition states) significantly affects reaction pathways.

These interactions include:

e Hydrogen bonding

e Dipole-dipole interactions O
e Van der Waals forces < '

Solvents can stabilize the transition state m effectively than the
reactants, thereby reducing activation ener increasing reaction rate.
This concept is explained by the transiti eory, where the rate of a
reaction depends on the energy di ce between reactants and the

transition state.
In multicomponent reacti
e Proper solvenfho ances formation of key intermediates

e Stabilizatj rged or polar transition states leads to higher
yields
e

e effects may influence molecular orientation and collision

NCy




2.5 Kinetic and Thermodynamic Considerations

Chemical reactions are governed by both kinetic and thermodynamic

factors:

e Kinetic control:
Determines how fast a reaction proceeds

Influenced by activation energy and reaction pathway

Solvents can accelerate reactions by stabilizing tl’@l ates
e Thermodynamic control:

Determines the stability of the final pro & @

Depends on Gibbs free energy change (

More stable products are favore equilibrium

In triazole synthesis: O

e Polar solvents ofte:E 9 inetically controlled pathways due to

faster reactiop rat
° Temperatur&olvent choice can shift the reaction toward

thermaod lly stable products

e SO effects can influence equilibrium position and product

D on




2.6 Role of Solvent in Catalyzed and Non-catalyzed Systems

Solvents play a distinct role in both catalyzed and non-catalyzed

reactions:

(a) catalyzed Systems

Solvent can enhance catalyst activity by improving O and

dispersion
Stabilizes catalytic intermediates O

Influences selectivity and reaction efficiency ®
In metal-catalyzed reactions, solven@ oordinate with the

catalyst and modify its reactivit

(b) Non-catalyzed System

Reaction rate depends 1 @ avily on solvent properties

Solvent must pro ent energy and environment for reactant

interaction x
Often re i temperature or longer reaction time

In multic onent synthesis of triazoles:

yzed reactions (e.g., copper-catalyzed cycloaddition) are highly
ient in suitable solvents
Green solvents like water can sometimes replace organic solvents
without compromising efficiency
e Solvent choice can eliminate or reduce the need for catalysts in

certain cases




=
N

X

O
& .
Chapter 3: Exegfmental

Design ar@ﬁethodology




Chapter 3: Experimental Design and Methodology

3.1 Chemicals and Reagents (Purity and Source)

All chemicals and reagents used in the present study were of
analytical reagent (AR) grade and used without further purificatio les
otherwise specified. Common reagents required for the multic onéht

synthesis of triazoles include:

e Organic azides or azide precursors

Terminal alkynes
Aldehydes or ketones (in some MCR sys@
Catalysts such as copper salts ( )

. %
Bases or additives (if required) c

Solvents such as dist er, ethanol, methanol, dimethyl

sulfoxide (DMSO), and di rmamide (DMF) were procured from

standard chemical ,s s.JAll solvents were either used as received or
purified using sta &oratory procedures.

3.2 Selectio eactants for Triazole Synthesis

(ign “of reactants plays a crucial role in determining the efficiency
e of the multicomponent synthesis. Typically, the following

onents are selected:

e Azide source: Organic azides or sodium azide (in situ generation)

e Alkyne component: Terminal alkynes with varying substituents




e Additional components: In some MCRs, aldehydes, amines, or other

nucleophiles are included

The choice of substituents on reactants is important to study the
electronic and steric effects on the reaction. Both electron—-donatin

electron-withdrawing groups may be selected to evaluate their infldende on

product yield and selectivity. O

3.3 Selection of Solvent Systems (Water, Ethanol, DMSO, etc.)

A variety of solvent systems were selected@dy their effect on the

multicomponent synthesis of triazoles.“Ghese Taclude:

Polar protic solvents: W3 te@ml, methanol

Polar aprotic solvents m DMTF, acetonitrile

Non-polar solve@ fene, chloroform
Green solve& and ethanol (eco-friendly alternatives)

The sele @ as based on solvent properties such as polarity,

dielectri stant, boiling point, and hydrogen bonding capability. Each

solve em was evaluated under identical reaction conditions to ensure

0 arison of their effects on reaction rate, yield, and selectivity.




3.4 Optimization Parameters (Temperature, Time, Catalyst,

Solvent Volume)

To achieve maximum efficiency in triazole synthesis, several reaction

parameters were systematically optimized:

Temperature: Reactions were carried out at room tempetature ‘as

well as elevated temperatures to study thermal effects

Reaction time: Monitored at regular inter@o etermine

completion time

. . @
Catalyst concentration: Different cata &imgs were tested to
identify optimal conditions

Solvent volume: Adjusted to study its influence on concentration

and reaction kinetics < '

Optimization was performed @ ing one parameter at a time while

keeping others constantf(OV ethod), allowing identification of the most

favorable condition&

3.5 e Multicomponent Reaction Procedure

neral procedure for the multicomponent synthesis of triazoles is

@ ped below:

1. Preparation of Reaction Mixture:
Appropriate amounts of reactants (azide, alkyne, and other

components) were taken in a round-bottom flask.




. Addition of Solvent:
Selected solvent was added to dissolve the reactants completely.

. Catalyst Addition:
A required amount of catalyst (if applicable) was introduced into the
reaction mixture.

. Reaction Process:

The reaction mixture was stirred continuously @peciﬁed
temperature for a fixed time. < l
. Monitoring of Reaction:

: . o . :
Progress of the reaction was @%1 using thin-layer

chromatography (TLC).

. Completion:

After completion, the reacti@a e was allowed to cool to room

temperature.

3.6 Isolation &tion and Drying Techniques

n of the reaction, the product was isolated and purified

action: Organic solvents were used to extract the product from
he reaction mixture
Filtration: Removal of insoluble impurities
Recrystallization: Purification of crude product using suitable
solvents

Column chromatography: Used when high purity was required




The purified product was then dried using:

e Vacuum desiccator

e Oven drying (at controlled temperature)

Yield was calculated based on the weight of the final product o

Y o4

3.7 Experimental Flowchart

Step 1: Selection of reactants

v

Step 2: Selection of solvent system

v

Step 3: Preparation of reaction mixture ‘

— _  —

Step 4: Addition of catalyst (if required)

S S ———

Step 5: Stirring and maintaining reaction conditions

IR NN

‘ Step 6: Monitoring reaction progress (TLC)

——

Step 7: Completion and cooling

v

Step 8: Isolation of product

v

Step 9: Purification (recrystallization/chromatography)

R, ¥ ErRs

Step 10:  Drying and yield calculation
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)\ Chapter 4: Instrumentation and Characterization Techniques

4.1 UV-Visible Spectroscopy

UV-Visible spectroscopy is a widely used analytical technique for
studying the electronic transitions in molecules. It is based on the

absorption of ultraviolet (200-400 nm) and visible (400-800 nm) radji

by a compound, leading to excitation of electrons from lower en

(7t or n orbitals) to higher energy antibonding orbitals (st* or 00

In the synthesis of triazoles, UV—Visible spectroscopy is @

Monitor the progress of the reaction &
Confirm the formation of conjugated SVO

Identify characteristic absorptio

The presence of m—w* and <—>n*’t nsitions in triazole derivatives
provide useful information electronic structure. Changes in

absorption maxima (Ama icate successful formation of the desired

product. &

Transform Infrared Spectroscopy (FTIR)

troscopy is used to identify functional groups present in a
L based on the absorption of infrared radiation (4000-400 cm™).
functional group exhibits characteristic absorption bands due to

vibrational transitions.




In triazole synthesis, FTIR helps in:

e Confirming the presence of triazole ring vibrations
e Identifying functional groups such as C=N, N-N, C-H, and N-H

e Monitoring the disappearance of reactant peaks (e.g., azide grou

Typical observations include:

e C=N stretching vibration around 1500—-1600 cm* O
e N-N stretching vibrations in the region of 1000—13@

Thus, FTIR provides qualitative confirmation of@&fo?mation.

4.3 Nuclear Magnetic Resona@ R, *C NMR)

Nuclear Magnetic Reso ANMR) spectroscopy is one of the most

powerful techniques fo (tFal elucidation of organic compounds. It is
0

based on the absOmpti radiofrequency radiation by nuclei such as

hydrogen (H) a boW (=C) in the presence of a strong magnetic field.
HN roton NMR):

les information about the number and type of hydrogen atoms
icates chemical environment through chemical shift (& values)

Splitting patterns reveal neighboring proton interactions
3C NMR (Carbon NMR):

e Provides information about different carbon environments




e Helps confirm the structure of the triazole ring
In triazole derivatives:

e Signals corresponding to aromatic protons appear in the downfield
region

e Characteristic peaks confirm substitution pattern and ring fofmatio

4.4 Mass Spectrometry (MS) O

®
Mass spectrometry is used to determ@\olecular weight and
structural information of a compou ionizifig chemical species and

measuring their mass—to—charge rati

In this technique:

1. The sample is ioni charged particles
2. These ions a% based on m/z ratio

obtained

3. Amasss
Applicati n triazole synthesis:

mation of molecular weight
atification of fragmentation pattern

Structural verification of synthesized compound

The presence of a molecular ion peak (M*) corresponding to the

expected molecular weight confirms the formation of the desired product.




4.5 Determination of Yield and Purity

(a) Percentage Yield

The efficiency of the reaction is evaluated by calculating the percentage

yield using the formula:

Actual Yield
tage Yield = 1
Percentage Yie Theoretical Yield x 100 O

e Actual yield: Amount of product obtained experh@y
e Theoretical vyield: Maximum possib\Q)ro. uct based on

stoichiometry
Higher yield indicates better reaction and optimal reaction

conditions.

(b) Purity Determination

Purity of the synthesized tuc compounds is assessed using various

methods:
e Melting Poi@nation:
d

Pure co

e sharp and specific melting points
e Thin Ka romatography (TLC):
Sin indicates purity, while multiple spots suggest impurities
@- roscopic Techniques:
R, NMR, and MS confirm absence of unwanted functional groups or
impurities
e Chromatographic Methods:

Column chromatography can further purify compounds
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Chapter 5: Evaluation of Solvent Effect

5.1 Effect of Solvent on Reaction Yield

The choice of solvent plays a crucial role in determining the yield of
triazole synthesis. Reaction yield is influenced by factors such as solubility
of reactants, stabilization of intermediates, and interaction between s

and reactants.

e Polar solvents (e.g., water, ethanol, DMSO) generally provide higher
yields because they enhance solubility and @a ¢ effective
molecular collisions.

Protic solvents stabilize charged inte &s .through hydrogen
bonding, thereby improving reaction ef@.

Non-polar solvents often result in§lower yields due to poor

solubility and weak interacti@ lar intermediates.

Experimental observati ically show that aqueous or alcoholic

media lead to maximu formation, while non-polar media may

give incomplete re%

n Reaction Rate and Time

gnificantly affects the rate of reaction and time required for

etion.

e In polar aprotic solvents (e.g., DMSO, DMF), reactions proceed faster

due to enhanced nucleophilicity of reactants.




Polar protic solvents may slightly reduce nucleophilicity but
compensate by stabilizing transition states, thus maintaining a
reasonable reaction rate.

Non-polar solvents generally slow down the reaction due to limited

interaction with reactants.

Additionally, solvents with higher dielectric congtamtsGlower
activation energy, resulting in shorter reaction times. The oropriate

solvent selection leads to faster and more efficient synth

5.3 Influence on Product Selectivit @

Solvent plays an important r@ ermining the selectivity of the

reaction, especially in multi systems where multiple products

may form.

e In triazole s&@olvent can influence regioselectivity (e.g.,

1,5-disubstituted triazoles).

of transition states.

formatio
e Polarfso often favor formation of specific isomers due to better
Di

% st—solvent interaction also contributes to selective product

Thus, solvent choice can direct the reaction pathway toward a desired

product with high selectivity, minimizing by-products.




5.4 Comparative Study of Polar vs Non-polar Solvents

Property Polar Solvents Non-polar Solvents

Solubility of reactants| High Low

Reaction rate Fast Slow

Yield High Low

Intermediate stability |  Strong stabilization Weak stabiliztion

Selectivity Better control Poor Con®
From comparative studies: < '

Polar solvents are generally more effec&fo. multicomponent

triazole synthesis.

Non-polar solvents are less swit ue'to poor reaction efficiency

and low yields. Q
This comparison highlights t ortance of solvent polarity in optimizing

reaction conditions. @

Approach (Water, Ethanol, Solvent-free Conditions)

ears, there has been a growing emphasis on the use of

ents in chemical synthesis to reduce environmental impact.
ater as a Solvent

e Non-toxic, inexpensive, and eco-friendly
e Enhances reaction rate via hydrophobic interactions

e Often leads to high yields




(b) Ethanol as a Solvent

e Renewable and biodegradable
e Provides good solubility for organic compounds

e Widely used as a green alternative to toxic solvents

(c) Solvent-free Conditions

e FEliminates the use of hazardous solvents O

e Reduces waste and environmental pollution

e Sometimes improves reaction efficiency undQntplled conditions

Green solvent approaches align wi@ principles of green

chemistry, promoting sustainable and @aVirontmentally friendly synthesis.

O

&6
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Chapter 6: Data Analysis, Results & Interpretation

6.1 Experimental Observations
During the multicomponent synthesis of triazoles, several physical
and chemical changes were observed under different solvent systems.
e Color change: Formation of product was often indicated by a gradual
change in color of the reaction mixture.
Precipitate formation: In aqueous or ethanol media, solid{pro

formation was observed upon completion of reaction.

e Temperature effect: Reactions carried out at eleO eratures

showed faster completion.

Solubility behavior: Reactants dissolved mgre &fficiently in polar
solvents compared to non-polar solven

Thin Layer Chromatography (T onfitmed the progress of reaction

by disappearance of reactant spots ppearance of new product spots

«

6.1 Experimental Observations

-

1. Reaction mixture prepared
All reactants were mixed in selected solvent.

e

v

. Stirring and heating
Mixture was stirred at optimized
temperature for set time.

+

. Progress monitored (TLC)
TLC confirmed the consumption of
reactants and formation of product.

v

4. Product formation
Precipitate / solid product was
obtained after completion.

5. Work-up
Reaction mixture was cooled, filtered
and product was isolated.




—
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) ) 6.2 Yield Comparison in Different Solvents

The yield of triazole derivatives varied significantly depending on the

solvent used. A comparative analysis is presented below:

Solvent Reaction Time (hrs) Yield (%)

Water 85-92

Ethanol 80—88

Methanol 75—85

DMSO 82-9

DMF 7886

Toluene 50—65

Interpretation:
e Highest yields were obtained in wa
e Moderate yields in alcoholic so
e Lowest yields in non-polar sdlvent§ (toluene)

This confirms that polar solve nificantly enhance reaction efficiency.

6.2 Yield Comparison in Different Solvents

Sr. No. Solvent Polarity Reaction Time Yield (%)
(Dielectric Constant, £) (hrs) (Mean + SD)

Water High (78.5) | 2-3 89.20 £ 1.35

Ethanol High (24.3) 3-4 8410+ 1.22

Methanol High (32.6) 3-5 79.40 £ 1.48

DMSO High (46.7) 87.30+1.30 |

DMF High (36.7) 81.60 £ 1.41
Acetonitrile Moderate (36.6) 75.20 1+ 1.50

Toluene Low (2.4) 57.80 + 1.66

Observation: Highest yield obtained in Water and DMSO.
Lowest yield in Non-polar solvent (Toluene).




6.3 Spectral Data Analysis and Interpretation

The synthesized triazole compounds were characterized using

spectroscopic techniques:
(a) FTIR Analysis

e Disappearance of azide peak (~2100 cm?) confirmed reaction

completion

e Appearance of C=N stretching (~1500-1600 cm®) inflicated triazole ring
formation
®
(b) 'H NMR Analysis @
e Signals in aromatic region confir preésence of ring protons

e Absence of alkyne proton sig@ ed successful cycloaddition

(c) *C NMR Analysis
e Peaks correspondlazole carbons confirmed ring structure
(d) Mass Spectromet

e Molecdla eak (M*) matched with expected molecular weight

o F on pattern supported structure

results confirm the successful synthesis and structural integrity

@P ole"derivatives.




6.3 Spectral Data Analysis and Interpretation

Technique | Characteristic Peaks / Signals Observed Values l Interpretation

|« Azide stretch (M) - (Disappeared)
» C=N stretch (triazole) 1510-1590
» MN=N stretch 1020=-1250
» C=H stretch (aromatic) 3050=3100

FTIR
{em-")

Azide peak disappears
Confirms formation of
triazole ring

'H NMR « Aromatic H 7.20-8.20 Presence of ring protons
(6, ppm) |+ Triazole H 8.50-9.10 and side chain protons
+ Aliphatic H 1.20 - 3.00

'3C NMR | * Triazole C (C=N) 145-160 Confirms carbon
(8, ppm) | * Aromatic C 110 - 140 skeleton of triazole
+ Aliphatic C 10 - 60

MS + Malecular ion (M*) Molecular weight Confirms molecular

(m/z) = Base peak Bt perted weight and structure
(Base peak

at mfz value)

6.4 Graphical Representation of Results @

Graphical analysis was performe tter understand the effect of

solvents:

e Bar graph: Solvent
e Line graph: Reac time vs solvent type

e Comparati : Polar vs non-polar solvent efficiency

Graphs alea

Graphical representation simplifies interpretation and highlights

trends effectively.




6.4 Graphical Representation of Results

Effect of Solvent on Yield (%)

873
84.1 79.4

Ethanol Methanol DMSO Acetonitrile  Toluene
Solvent

Effect of Solvent on Reaction Time

Time (hrs)

Water Ethanol Methanol DMSO DMF Acetonitrile  Toluene
Solvent

v
6.5 Statistical Analysis (M ndard Deviation)

To ensure accuracy afid greproducibility, reactions were performed in

triplicate and statls nalysis was carried out.
e Meanyi Average of repeated experiments
%evmtmn (6): Measure of variation in results
d deviation indicated:

Good reproducibility

e Reliable experimental procedure

Statistical evaluation strengthens the validity of experimental findings.




6.5 Statistical Analysis (Mean, Standard Deviation)

Solvent Trial 1 Trial 2 Trial3 | Mean Yield (%) | Standard Deviation
(%) (%) (%) X (o)

Water 90.2 88.1 89.3 . 1.35
Ethanol 83.0 B4.8 846 . ' 1.22
Methanol 78.0 B0.5 79.7 : 1.48

DMSO 88.4 86.2 87.3 : 1.30

DMF B2.5 B0.6 81.7

Toluene

6.6 Comparison with Literature Data ®\

The obtained results were compared withypreviously reported studies:

Yields obtained in polar s e@re consistent with literature

reports

Reaction t1mes w parable or slightly improved due to

optimized co
Use of gr vents showed similar or better efficiency compared to

lvents

omparison confirms that the present study aligns well with




Triazole Derivative

1,4-Disubstituted Triazole
1,4-Disubstituted Triazole
1.4-Disubstituted Triazole
1,4-Disubstituted Triazole

~ Reaction Conditions.
(Reported)
CuS0,, Na ascorbate, 60 °C
Cul, DIPEA, RT
CuS0;, Na ascorbate, 60 °C

CuS0,, Na ascorbate, 70 °C

Our Sady
(Solvent)

Ethanol
DMSO
Water

Toluene

Solvent (Reported) |  Yield (%)
(Reported)
Ethanol [ 78
DMSO . 82
Water I 85

Toluene 60

Reaction Time

(Reported)

4-5 hrs
3-4 hrs
3-4 hrs
6-8 hrs

N

Our Yield (%) | Our Reaction Time (hrs) | Inference

84.10
87.30
89.20
57.80

3-4 | Improved yield and time
| Comparable / better results

Better yield and faster reaction

| Slightly lower yield
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Chapter 7: Critical Discussion

7.1 Correlation between Solvent Properties and Reaction

Outcome

The outcome of the multicomponent synthesis of triazoles is strongly
dependent on the physical and chemical properties of the solvent used.
Important solvent properties include polarity, dielectric constant, vi

boiling point, and hydrogen bonding ability.

e Polarity:
Polar solvents such as water, ethanol, and DMS@lve ionic and
S

polar reactants more effectively. This incrgase frequency of

molecular collisions, which leads to hi r&ction rates and

improved yields. In contrast, non-pola ts like toluene cannot
dissolve polar reactants efficie in poor interaction and
lower yield.
Dielectric Constant:

Solvents with high tric constants can stabilize charged

intermediates for the reaction. This reduces the energy

barrier and accel sfthe reaction. For example, water has a high

i i & which makes it highly effective in promoting

ents (e.g., water, ethanol) can form hydrogen bonds with

nts and intermediates. This stabilizes the reaction pathway and
enhances product formation.

iscosity and Diffusion:
Low-viscosity solvents allow faster movement of molecules,

increasing reaction efficiency. Highly viscous solvents may slow down

the reaction.




7.2 Mechanistic Explanation of Solvent Effect

The solvent plays an active role in influencing the reaction

mechanism of multicomponent triazole synthesis.

e During the reaction, intermediates and transition sta ar
formed. These are often unstable and require stabilization tojproceed
further.

e Polar solvents stabilize these intermediates b@ ing them

o . :
e This stabilization reduces the activation making the reaction

with solvent molecules (solvation effect). s

faster and more efficient.
In cycloaddition reactions forming trj

The interaction betwee ] alkyne forms a transition state.

Polar solvents lowe ergy of this transition state, making ring

formation easier.
In the prese atalysts, solvents also help in proper dispersion

@ oF the catalyst.

ents:

is little or no stabilization of intermediates
eaction pathway becomes less favorable

e Reaction slows down or gives lower yield




7.3 Advantages of Green Solvents over Conventional Solvents

The use of green solvents is an important part of modern chemistry,

especially under the concept of green chemistry.

Advantages of Green Solvents (Water, Ethanol):

Environment Friendly:
These solvents do not cause pollution and are biode

Non-toxic and Safe: G

They are safer for laboratory handling and reduce hgalth hazards.

Cost-effective: @
Easily available and inexpensiveyc organic solvents.

High Efficiency:
In many cases, green s V@ovide equal or even better yields

than conventional solv

Energy Saving:

Some reactiofi§ in I occur at room temperature, reducing energy

onsump@

c
Di antages of Conventional Solvents (DMSO, DMF,

and harmful to human health
Difficult to dispose safely
Cause environmental pollution

Require strict handling and storage conditions




7.4 Limitations and Challenges

Although the study shows positive results, several limitations and

challenges were observed:

(a) Solubility Issues

Some organic reactants do not dissolve well in water O

This can reduce reaction efficiency in aqueous medi
(b) Reaction Control C
®

Temperature and reaction time must be &:ontrolled
Small changes can affect yield aﬂv
(c) Purification Difﬁcultie< |

Separation of product f tion mixture can be challenging

Additional puriﬁcz@ ike chromatography may be required

(d) Solvent,Limitations

No, single t works best for all reactions

Each requires optimization
ale-up Problems

Laboratory conditions may not be easily applied to industrial scale

Large-scale reactions may behave differently
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Chapter 8: Conclusion and Future Perspectives

8.1 Summary of Findings

The present study focused on understanding the effect of different
solvents on the multicomponent synthesis of triazoles. From the

experimental results and analysis, the following key findings were obs

Solvent plays a crucial role in determining reaction efficieney,
yield, and time.
Polar solvents such as water, ethanol, and DM@VI ed higher

solvents like

yields and faster reactions compared toq_
®

toluene.
The reaction rate increased in so@with higher dielectric

constant due to better stabiliza ofintermediates and transition

states. ‘ g
Spectroscopic analysi . R, MS) confirmed the successful

formation of triazole.de es.
sol water and ethanol showed excellent
C ing them suitable alternatives to conventional

nd comparative analysis proved that the results are

able’and reproducible.




8.2 Scientific Importance of the Study

This study has significant importance in the field of organic and

medicinal chemistry:

It provides a clear understanding of solvent -eff

multicomponent reactions.

It highlights how solvent properties influence reactioanism,
kinetics, and product formation. Q

The study contributes to the development fficient and
optimized synthetic methods for hete®n&co1’npounds.

It supports the concept of green istry by promoting

environmentally friendly solvent

The findings can be used Q ence for future research in

triazole synthesis and r ions.

8.3 Industrial &rmaceutical Applications

al Applications

@ ivatives are widely used in the pharmaceutical industry due to

biglégical activities:

Antifungal drugs (e.g., fluconazole-type compounds)
e Antibacterial and antiviral agents

e Anticancer compounds




Efficient synthesis of triazoles using suitable solvents can improve

drug development processes.
(b) Industrial Applications

e Used in corrosion inhibitors

e Applied in material science and polymer chemistry

e Used as intermediates in fine chemical synthesis O

Optimizing solvent systems helps industries achieve: < ’

e Higher yield ¢

e Lower cost @

e Reduced environmental impact

8.4 Recommendations for u@ork

Based on the present stud @ owing suggestions are made for future

research:

Explore n solvents such as ionic liquids and deep eutectic
solvents
nt-free synthesis methods for better sustainability
stigate different catalysts to further improve reaction efficiency
tform scale-up studies for industrial application
Study different substituents on reactants to understand their effect
on reaction

Use advanced analytical techniques for deeper structural analysis
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