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Abstract:

The increasing demand for sustainable and environmentally benign synthetic methodologies has
propelled water to the forefront of green solvent research. Once considered incompatible with
organic transformations, water is now recognized for its remarkable physicochemical properties—
such as high polarity, hydrogen bonding capability, and hydrophobic effects—that enhance reaction
rate, selectivity, and yield in various transformations. This comprehensive review explores the
evolution and advantages of aqueous-mediated organic synthesis across ten systematically
organized sections. It covers fundamental solvent properties, reaction classifications, specific
examples (from nucleophilic substitutions to multicomponent and pericyclic reactions), and
comparative studies against conventional organic solvents. Micellar catalysis, ‘“on-water”
phenomena, and biphasic systems are highlighted for their innovation and practicality.
Additionally, the review offers insights into industrial applications, economic and regulatory
advantages. Water has proven itself not only as a green alternative but as a catalytic and enabling
medium, pointing toward a future where it could become the default solvent in synthetic organic
chemistry.
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1. Introduction

The field of organic synthesis has undergone a significant transformation in recent decades, largely driven
by the pursuit of more sustainable and environmentally friendly methodologies. Traditionally, organic
reactions have relied heavily on volatile, toxic, and flammable organic solvents such as dichloromethane,
toluene, or hexane, which contribute to the generation of hazardous waste and pose substantial health and
environmental risks!2l In response, the concept of “green chemistry,” which emphasizes the
minimization of ecological footprint, has increasingly guided the development of new synthetic
methodologies.

Water, as the primary solvent of life and the most abundant liquid on Earth, has emerged as an attractive
alternative to conventional organic solvents in organic synthesis. Historically, water was considered
incompatible with many organic reactions, primarily due to solubility issues and the moisture-sensitivity
of various organic reagents and catalysts'2. The dogma of "like dissolves like" led chemists to avoid water,
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presuming that lack of solubility and potential side reactions with water would impede desired
transformations.

However, this perception has shifted dramatically. Extensive research has demonstrated that water's
unique physical and chemical properties can significantly influence reaction pathways, rates, and
selectivity—often surpassing traditional organic solvents in both efficiency and scopel34. The
“hydrophobic effect” observed in aqueous media, for instance, can enhance the association of non-polar
reactants, stabilize transition states, and accelerate key bond-forming processes. Water's extensive
hydrogen-bonding network not only facilitates solubilization of ionic and polar species but can also enable
novel reactivities unavailable in organic medialt3!,

Aqueous-mediated organic reactions are now recognized for offering several strategic advantages:

o Enhanced reaction rates via hydrophobic effects or unique transition state stabilization

o Improved chemo-, regio-, and stereoselectivity in a variety of transformations

o Simplified workup and product isolation, often by straightforward extraction or precipitation
o Reduced need for hazardous solvent handling and disposal

o Compatibility with “on water,” “in water,” and micellar catalysis systems, expanding the

range of feasible transformations'?!

This review aims to:

o Explore the underlying reasons for water’s rise as a “green” solvent in organic chemistry

o Systematically present the broad variety of reactions—including carbon—carbon bond
formation, cycloadditions, multicomponent and radical reactions—now routinely carried out in aqueous
media

o Compare the efficiency, selectivity, and ecological impact of such reactions in water versus
common organic solvents

o Provide data tables to illustrate the advantages and limitations of aqueous-mediated
transformations

Ultimately, the goal is to underscore the growing importance of water as a universal, economical, and
green solvent for the future of organic synthesis2,

Table: Environmental and Practical Advantages of Using Water vs. Organic Solvents

Parameter Typical Organic Solvent Water

Toxicity Moderate to high Very low

Volatility High (flammable) None (nonflammable)
Disposal cost High (hazardous waste) Low (biodegradable)
Reaction rate (Diels-Alder) | Moderate Often accelerated
Separation of product Extraction, solvent removal | Precipitation, extraction
Regulation/handling Strict Minimal

Cost per liter Moderate to high Very low

Availability Limited by region, grade Universal

IJAIDR24011511 Volume 15, Issue 1, January-June 2024 2



https://www.ijaidr.com/

W Journal of Advances in Developmental Research (IJAIDR)
= E-ISSN: 0976-4844 e Website: www.ijaidr.com e Email: editor@ijaidr.com

2. Physicochemical Properties of Water to Organic Reactions

Water stands apart among solvents due to its distinct physicochemical properties, which are rooted in its
molecular structure and strong polarity. These properties not only make water the most widely used
solvent in nature but also underpin its growing utility in synthetic organic chemistry, particularly in the
context of green chemistry.

2.1 Molecular Structure and Polarity A water molecule has a bent geometry, with an angle of
approximately 104.5° between its two hydrogen atoms. The oxygen atom is highly electronegative,
drawing electron density away from the hydrogen atoms, resulting in a partial negative charge (6~) on the
oxygen and partial positive charges (67) on the hydrogens. This separation of charges makes water a
strongly polar molecule, creating a significant dipole moment and enabling water to readily interact with
charged and polar substances!!.

2.2 Hydrogen Bonding

The dipolar nature of water leads to extensive hydrogen bonding between adjacent water molecules. Each
molecule can form up to four hydrogen bonds: two as a donor (via hydrogens) and two as an acceptor (via
oxygen). These interactions greatly influence water’s physical properties—such as high boiling and
melting points relative to molecular weight, high heat capacity, and surface tension—and its ability to
organize around solute species via hydration shells or spheres of hydration® 1,

2.3 Solvation of Ions and Polar Molecules

Water's polarity and hydrogen-bonding capabilities allow it to dissolve a vast range of ionic and polar
molecules, the basis for calling water the "universal solvent"3!IH When an ionic compound like
sodium chloride (NaCl) is introduced into water, the positive and negative ions (Na* and CI7) are
enveloped by the oppositely charged regions of nearby water molecules. This forms a stable hydration
shell, effectively separating the ions and keeping them in solution®!2 Similarly, polar organic
molecules—those with significant dipoles or functional groups that can hydrogen-bond (e.g., alcohols,
ketones, acids)—dissolve readily in water due to favorable dipole—dipole and hydrogen-bonding
interactionst,

Table: Examples of Solubility in Water

Type of Compound | Example | Solubility in Water | Explanation

Ionic salt NacCl High Ion-dipole interactions, strong hydration
Small alcohol Ethanol High Hydrogen bonding with water

Carboxylic acid Acetic acid | High Hydrogen bonding, ionization

Ketone Acetone High Dipole—dipole & hydrogen-bonding
Hydrocarbon Hexane Very low Lacks polarity, hydrophobic effect
Aromatic Biphenyl | Very low Non-polar, minimal interaction with water
hydrocarbon

2.4 The Hydrophobic Effect

Conversely, nonpolar molecules—such as hydrocarbons and lipids—dissolve poorly in water. This arises
from water’s tendency to maximize its hydrogen-bonding network; when nonpolar substances are present,
water forms highly ordered "cages" (clathrates) around them, drastically reducing entropy=l®. This
hydrophobic effect not only governs solubility but also plays a catalytic role in organic reactions conducted
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"on water," where the enforced proximity of reactants at the water interface can accelerate certain
reactions(S!,

2.5 High Dielectric Constant and Amphoteric Nature

Water’s high dielectric constant (relative permittivity = 80 at room temperature) diminishes electrostatic
attractions between ions, encouraging dissociation and ionization—essential for acid—base and ionic
reactions! 3], Moreover, water is amphoteric: it can act as either an acid or a base, participating directly
in proton transfer reactions, hydrolysis, and tautomerizations, further broadening its utility as a solvent in
diverse organic transformationst.

2.6 Comparison with Organic Solvents

Contrasted with conventional organic solvents:

o Nonpolar solvents (e.g., hexane, toluene) favor dissolution of hydrophobic compounds but
cannot facilitate ionization or hydrogen bonding, limiting their scope in many organic reactions

o Polar aprotic solvents (e.g., acetone, DMF) can dissolve polar molecules and some salts, but
often lack the ability to form strong hydrogen bonds or act as a participant in chemical
transformations®!7,

. Water dissolves a uniquely broad array of ionic and polar species, offers catalytic hydrogen
bonding, and provides eco-friendly, non-toxic working conditions!8l

Table: Key Properties of Water vs. Representative Organic Solvents

Property Water Hexane Acetone | Ethanol
Dielectric Const. ~80 ~2 ~21 ~25
Polarity High Very low | Moderate | Moderate
Hydrogen Bonding | Excellent | None Accepts | Excellent
Toxicity None High Moderate | Low
Boiling Point (°C) | 100 69 56 78
Environmental Green Hazardous | VOC Renewable

The convergence of high polarity, hydrogen-bonding ability, dielectric strength, amphoteric
nature, and environmental benignity makes water a foundational solvent for green and sustainable
organic synthesis.

3. Classification of Aqueous-Mediated Organic Reactions

Organic reactions performed in water can be systematically classified based on both their mechanistic
type and the physical nature of the reaction system—particularly the solubility of reactants and catalysts
in water, and the phase behavior of the system. This section presents an organized overview of these
classes, illustrates key reaction types that occur efficiently in water, and contrasts them with their
performance in traditional organic solvents

3.1 Physical and Phase-Based Classification of Aqueous Reactions
A seminal system, now widely used, divides water-based organic reactions into three main types
depending on how the reactants and catalysts interact with the aqueous phasell,
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Table: Classification of Aqueous Reactions

Reaction Description Reactant/Catalyst | Example

Type Solubility

Type I All reactants are soluble in water | All in water SN!'  hydrolysis, aldol
(homogeneous) condensation

Type Ia All reactants and catalyst soluble in | All in water Enzymatic peptide
water synthesis

Type Ib All  reactants soluble, catalyst | Catalyst in | Heterogeneous
insoluble separate phase hydrogenation

Type 11 Micellar/colloidal media: surfactants | Surfactant in | Suzuki—-Miyaura coupling,
create micelles that encapsulate | water, organics in | Diels—Alder with
hydrophobic  reactants, enabling | core surfactant
reaction in the micelle core ("micellar
catalysis")

Type I11 Heterogeneous (biphasic or | Reactants form | "On-water" Claisen
suspension) reactions: lipophilic | solid or oil phase | rearrangement
(water-insoluble) reactants aggregate
in the water

Type Il1a Catalyst soluble in water Catalyst in water, | Phase-transfer alkylation

reactants
suspended

Type I1Ib Catalyst soluble in lipophilic phase Catalyst in | Friedel-Crafts alkylations

organic
droplet/solid

Type Illc Catalyst insoluble in both phases Solid  catalyst, | Supported metal catalysis

biphasic system

This classification facilitates the strategic design of aqueous reactions, optimizing for rate, selectivity,
workup, and environmental profile!H2,

3.2 Mechanistic Categories of Organic Reactions in Water
Organic reactions in aqueous media cover the same diverse mechanistic classes as in organic solvents, but
water often increases rate, selectivity, or scope. The principal categories include2!#1l:

Table: Categories of Organic Reactions in Water

Reaction Type Subtypes & Features Water as Medium | Example Reactions
Addition Reactions | Electrophilic, Hydration of C=C, | Hydroboration, Diels—Alder,
nucleophilic, radical | C=C aldol addition
addition
Elimination E!, E?, E'cB mechanisms | Facilitates via | Dehydration of alcohols, E?
Reactions solvation dehydrohalogenation
IJAIDR24011511 Volume 15, Issue 1, January-June 2024 5
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Substitution SN!, SN?; nucleophilic, | SN' enhanced by | Williamson ether synthesis,
Reactions electrophilic, aromatic ionization halide hydrolysis

Redox Reactions

Oxidations and reductions
(organic or metal-based)

Often safer/greener
than organics

Alcohol oxidation, reduction
of nitro to amine

Condensation C—C or C—X bond with | Water as byproduct | Peptide/ester synthesis, Ugi

Reactions water byproduct (ester, | or reactant reaction
amide)

Hydrolysis Water cleaves bonds; | Water essential as | Ester, amide, glycosidic bond

Reactions opposite of condensation | nucleophile hydrolysis

Rearrangement 1,2—shifts, sigmatropic, | “On-water” effect | Claisen, Cope, and Fries
pericyclic accelerates rearrangements

Pericyclic Diels-Alder, Claisen, | Often dramatically | Diels—Alder between

Reactions Cope, cycloadditions accelerated anthracene  and  maleic

anhydride

Radical Reactions | Free radical additions, | Stabilized in | Atom transfer, photochemical
substitutions, water/micelles Giese addition
rearrangements

Multicomponent Three or more | Water can act as | Ugi condensation, Passerini

Reactions components, e.g., | catalyst reaction

Mannich, Ugi, Passerini

Table: Key Examples of Organic Reactions in Water vs. Organic Solvents

Reaction In Water In Organic Solvent Notes
Diels—Alder (anthracene | Accelerated, high | Slower, lower | Hydrophobic effect in
+ maleic anhydride) endo selectivity selectivity water
Aldol Addition High yield, fewer | Rate/moderate yield, | Better enolate
side products by-products stabilization in water
Suzuki Coupling Efficient (with | Requires polar aprotic | Water reduces waste,
micelles) solvents compatible with air
SN! Hydrolysis of tert- | Very fast, good yield | Slow, sometimes | Carbocation stabilized
butyl halide incomplete by water
Mannich Reaction High yield, fast, | Slower, needs | Water accelerates via H-
simple workup base/acid catalysis bonding
3.3 Advances Enabled by Water as Solvent
o Micellar Catalysis (Type II): Surfactants enable the solubilization and accelerated reaction of
otherwise insoluble substrates by confining them in micelles, which mimic enzyme-like
microenvironmentst®Z,
o “On-Water” Chemistry (Type I1I): Even for reactants with negligible water solubility, stirring
the mixture in water accelerates the reaction (often via the hydrophobic effect and unique interfacial
interactions)tH6],
IJAIDR24011511 Volume 15, Issue 1, January-June 2024
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o Enzyme-Catalyzed Transformations: Many powerful biocatalytic reactions are inherently

aqueous and environmentally benign, providing selective access to complex moleculest®,
J Multiphase Systems: Including liquid—liquid, liquid—solid, or gas—liquid—solid arrangements,
promote selectivity and easy product separation’®!

3.4 Multicomponent and Biomolecule Synthesis

Water is uniquely advantageous for chemoselective construction of amino acids, peptides, saccharides,
and nucleosides (via hydrolysis, glycosylation, condensation), as well as for “click” and bioorthogonal
reactions!®8!Coupling reactions such as the Ugi or Passerini multicomponent reactions show high atom
economy and minimal by-product formation in water.

Summary,

Table: Classification and Representative Aqueous-Mediated Reactions

cross-coupling

reactants, accelerates

Classification Example Reaction Water’s Role/Benefit Comparison with
Organic Solvent

Homogeneous SN1 hydrolysis High ionization, carbocation | Slower/less favorable

(TypeI) stabilization in ethers

Micellar (Type II) | Suzuki-Miyaura Encapsulates hydrophobic | Needs polar aprotic

solvent

“On-Water” Claisen rearrangement | Accelerated at interface, | Slower in neat/organic

(Type I1I) simple product isolation phase

Biocatalysis Peptide bond | Essential for enzyme function, | Rarely feasible in
formation green conditions organic media

Radical Reactions

Giese addition

Enhanced efficiency under
photoredox in water

Less selective in

organics

4. Water-Assisted Reaction Platforms

The versatility of water in organic synthesis is not only defined by its polar and hydrogen-bonding
character, but also by the wide range of innovative reaction platforms it enables. These platforms
harness water’s unique properties—such as its hydrophobic effect, phase behavior, and ability to form
structured environments like micelles—to accelerate, control, or simplify organic transformations. In this
section, we explore the major types of water-assisted reaction systems, including homogeneous aqueous
reactions, micellar catalysis, and the “on-water” phenomenon, each of which contributes significantly to
greener, more efficient synthetic pathways.

4.1 Homogeneous Reactions (''In Water')

These systems involve complete solubilization of all reactants (Type I or Ia classification) in the aqueous
phase. Classical examples have shown that certain polar or ionic reactions proceed efficiently under such
conditions. These homogeneous systems benefit from:

o Strong solvation of ionic intermediates

J Inherent catalytic ability of water for acid/base chemistry

o Environmentally benign conditions with easy work-up

IJAIDR24011511 Volume 15, Issue 1, January-June 2024 7
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Example: Aldol Reaction (Base-Catalyzed)
Reactants: Acetone + Benzaldehyde, Medium: Aqueous NaOH
Observation: Faster product formation with excellent selectivity and minimal by-products

Solvent | Time (min) | Yield (%)
Water | 20 95
Ethanol | 30 80
THF 40 65

Water accelerates the enolate formation and facilitates the nucleophilic attack step due to better
stabilization of charged intermediates.

4.2 Micellar and Colloidal Catalysis (Type II Systems)

Micellar catalysis uses surfactants in aqueous media to form micelles—nano-sized spherical aggregates
with hydrophobic cores and hydrophilic exteriors. These structures entrap otherwise water-insoluble
organic reactants in a confined microenvironment, simulating enzyme active sites.

° Common surfactants: SDS (sodium dodecyl sulfate), CTAB, TPGS-750-M

o Critical micelle concentration (CMC): Surfactant concentration above which micelles form
. Significant rate enhancement, as reactants are concentrated in a small space

J Ideal for cross-couplings, additions, cycloadditions, and oxidations

Example: Suzuki-Miyaura Coupling (Biphenyl Formation)
Reactants: Phenylboronic acid + 4-bromotoluene

Medium: Water + TPGS-750-M1%(2 wt%) + Pd(PPhs)a

Base: K>COs, 60 °C, 1.5 h

Medium Yield (%) | Notes

Water + TPGS-750-M | 98 High efficiency, air-stable catalyst
Toluene 75 Requires inert conditions

DMF 80 Toxic solvent, longer reaction time

The micellar system mimics biphasic catalysis while maintaining a homogeneous setup, allowing easy
product separation through filtration or simple Extraction.

4.3 On-Water Reactions (Type I1I Systems)
The "on-water" phenomenon, first explored systematically by Sharpless and co-workers, describes
reactions between water-insoluble organic reactants that occur at the phase interface (heterogeneous
system). Despite limited solubility, the reactions are often faster than in neat conditions or organic
solvents, due to:
o High interfacial surface area between water and the organic reactants
o Enhanced local concentration
J Interfacial hydrogen bonding and pressure-like effects
Example: Diels—Alder Reaction (Anthracene + Maleic Anhydride)

Solvent System ‘ Time (h) ‘ Yield (%) ‘ Notes

IJAIDR24011511 Volume 15, Issue 1, January-June 2024 8
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On Water (shake vigorously) | 1.5 92 Fast, selective, easy product isolation
Toluene 3 68 Requires heating
Neat (no solvent) 5 74 Slow, possibility of side products

Water accelerates the reaction not by solvation of reactants, but via surface effects, where hydrophobic
reactants are pushed together, promoting effective collisions and bond formation.

4.4 Biphasic Aqueous Systems

In some reactions, water is used alongside an immiscible organic phase. The use of phase-transfer
catalysts (PTCs)—such as quaternary ammonium salts—enables reactants present in one phase to interact
in the other, facilitating reactions like nucleophilic substitutions, oxidations, or alkylations.

Example: Alkylation of Phenoxide

Reactants: Sodium phenoxide (aqueous phase) + Benzyl bromide (organic phase)

Catalyst: Tetrabutylammonium bromide (PTC), Product: Benzyl phenyl ether

Yield: >90% in water/organic biphasic system

PTCs shuttle ions across the aqueous-organic boundary, enhancing the reaction rate and minimizing
environmental impact by reducing solvent waste.

4.5 Solid-Liquid and Three-Phase Systems

In solid-liquid systems, insoluble reactants are suspended in water and stirred to facilitate interaction at
the surface. In three-phase systems, e.g., gas-liquid-solid, such as hydrogenation reactions using aqueous-
phase Rh/C catalysts, water acts as both a dispersion and thermal medium. Solid-supported catalysts can
be easily separated and recycled, increasing sustainability.

S. Comparative Analysis: Water vs. Traditional Organic Solvents

The paradigm shift toward using water as a reaction medium in organic synthesis is supported not only by
environmental considerations but also by its competent or superior performance in many cases
compared to traditional organic solvents. To objectively evaluate the advantages and limitations of water,
this section offers a comparative analysis of organic reactions carried out in aqueous media versus
conventional solvents in terms of reaction rate, yield, selectivity, practical handling, and environmental
impactL,

Table: Comparison of Reactions in Water vs Organic Solvents

Reaction Type Solvent Time | Yield (%) | Advantages in Water
Diels—Alder Water 15 min | 94% Fast, eco-friendly, selective
Toluene 3 hours | 65% Slower, toxic solvent
Aldol Condensation | Water (NaOH) | 30 min | 95% Cleaner conversion
Ethanol 2h 70% Formation of side products
Passerini Reaction | Water 1 hour | 88% Better hydration of reactants
Acetonitrile 3h <60% Slower, less atom efficiency

5.1 Selectivity (Chemo-, Regio-, Stereoselectivity)

IJAIDR24011511 Volume 15, Issue 1, January-June 2024 9
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Water’s structured hydrogen-bonding network affects orbital overlap and spatial alignment during
transition state formation, leading to unique stereoselective outcomes not observed in other media.

o In pericyclic reactions, such as Diels—Alder, endo selectivity is enhanced in water due to
stabilization via hydrogen bonding.

o In nucleophilic substitutions, polar solvents like water favor SN! over SN? mechanisms through
ionic intermediate stabilization.

5.2 Practicality and Work-Up
Water dramatically simplifies reaction handling:

o Products are often insoluble in water and precipitate out, allowing easy isolation without
needing extraction.

o Water’s non-flammability and non-toxicity reduce safety protocols and energy costs.

o No requirement for drying or inert atmosphere in many aqueous procedures.

In contrast, organic solvents often require energy-intensive purification (rotary evaporation, column
chromatography) and generate large quantities of hazardous waste.

6. Environmental and Economic Benefits of Aqueous-Mediated Organic Synthesis

The use of water as a solvent in organic reactions aligns seamlessly with the guiding principles of Green
Chemistry, presenting both environmental and economic advantages over conventional organic solvents.
From reduced hazardous waste generation to enhanced process safety and affordability, aqueous-mediated
reactions have emerged as a sustainable paradigm in modern synthetic chemistry. This section critically
analyzes the environmental, economic, and regulatory benefits of using water as a reaction medium, both
in small-scale academic laboratories and in large-scale industrial applications!2,

6.1 Alignment with Green Chemistry Principles
The Twelve Principles of Green Chemistry, introduced by Paul Anastas and John Warner, serve as a
blueprint for designing safer, cleaner, and more efficient chemical processes. Water meets several of these
principles directly:

Principle Water’s Compliance

Prevention of waste No or minimal solvent waste

Safer solvents and auxiliaries | Non-toxic, non-flammable, and non-volatile

Energy efficiency Often ambient or mild conditions; microwave-compatible
Renewable feedstocks Water is naturally abundant and renewable

Reduced derivatives Acts as solvent and catalyst, reducing extra reagents
Inherently safer chemistry Safe to handle, transport, and store

6.2 Reduced Toxicity and Hazardous Waste

Traditional organic solvents—such as chlorinated hydrocarbons, ethers, and aromatic solvents—pose
significant HSE risks (Health, Safety, and Environment), including flammability, toxicity, and
carcinogenicity. Their use also necessitates extensive waste treatment and disposal, increasing the
environmental burden.
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Table: Toxicological Profiles of Common Organic Solvents vs. Water

Solvent LDso Volatilit | Flammabili | Carcinogeni | Environmen | Waste Treatment
(oral, y ty c? tal Needed
rat) Persistence
Dichlorometha | ~1600 | High No Yes (IARC | High Yes
ne mg/kg 2B) (emulsion/membra
ne)
Toluene ~5000 | High Yes Suspected Moderate Yes
mg/kg
Acetone ~5800 | High Yes No Moderate Yes
mg/kg
Water Nontox | None None No Readily None
ic returned to
cycle

Replacing VOCs (volatile organic compounds) with water reduces exposure-related hazards, eliminates
the need for explosion-proof facilities in many cases, and simplifies compliance with environmental
regulations such as the Clean Water Act, EPCRA, and REACH.

6.3 Cost and Accessibility
Water is among the cheapest and most universally available solvents. In industrial-scale processes,
solvent cost and handling can dominate the production budget. Water offers cost savings through:

J Lower procurement cost

o Elimination of solvent drying, inert atmosphere setup

o Reduction in fire-proofing and ventilation infrastructure
o Simplified waste disposal

E-factor (Environmental factor), defined as the mass of waste generated per mass of product, is
significantly reduced in water-based processes, improving material efficiency.

6.4 Improved Work-Up and Product Isolation

o In aqueous reactions, organic products often precipitate from the water, enabling filtration-
based isolation, eliminating the use of organic solvents in extraction.

o In multicomponent or cyclization reactions, product isolation often involves simple vacuum-
drying or crystallization from aqueous mixtures.

o Elimination of volatile organic compounds also means lower emissions and better air quality
in laboratories and manufacturing environments.
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Examples of Simplified Isolation

Reaction Type Product Isolation in Water Workup in Organic Solvent

Biginelli Reaction | Product precipitates, filtered, dried Extract with ethyl acetate, dry, distill
solvents

Aldol Crude solid precipitate, washed with | Column  chromatography  (organic

Condensation water solvent)

Ugi Reaction Crystallization from aqueous phase Requires DCM/acetonitrile extraction

6.5 Regulatory and Industrial Compliance

With increasing regulatory pressures to eliminate VOCs and hazardous solvents, industries are actively
pursuing greener alternatives. Replacing solvents like toluene, THF, and DCM with water accelerates
approval from environmental agencies and simplifies Good Manufacturing Practice (GMP)
compliance.

o Pharmaceutical companies now increasingly rely on aqueous or aqueous-micellar systems for
active pharmaceutical ingredient (API) synthesis.
o Environmental regulations, such as the Toxic Substances Control Act (TSCA) or EU's REACH

regulation, classify many organic solvents as “substances of very high concern,” which water completely
avoids.

7. Challenges and Strategic Solutions in Aqueous-Mediated Organic Synthesis

While the use of water as a solvent offers immense environmental and economic advantages, its
application in organic synthesis is not without complications. Despite its widespread benefits, there are
several inherent challenges associated with aqueous reactions, primarily due to issues related to
substrate solubility, reactivity, incompatibility with moisture-sensitive reagents, and difficulties in
product isolation in certain cases. However, modern synthetic strategies, innovative reaction engineering,
and the development of water-compatible reagents and catalysts have significantly expanded the scope of
reactions feasible "in" or "on" water. e.g.

o Use of surfactants and micellar catalysis to solubilize hydrophobic reactants.

. “On-water” reactions: where water acts as the medium despite the insolubility of reactants—
reaction proceeds at the interface.

J Hydrotropes and co-solvents (e.g., ethanol-water mixtures) can be employed to increase
solubility while maintaining green principles.

o Developing water-tolerant analogs: e.g., Suzuki reactions use boronic acids (water-stable)
instead of organolithiums.

o "Protected water" systems: Microemulsions, reverse micelles, or ionic liquid/water hybrids
can protect sensitive reagents.
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o Encapsulation techniques: Enabling hydrophobic, moisture-sensitive reagents to react in a
sequestered, non-aqueous microenvironment within an aqueous system.
o Salting out: Adding salts (e.g., NaCl) changes phase behavior and drives organic products into
a separate phase.
J pH control: Adjusting pH to shift solubility and protonate/deprotonate functional groups.
o Green solvent extractions: Use of bio-derived solvents (e.g., ethyl lactate, dimethyl carbonate)
for extraction avoids hazardous VOCs(volatile organic solvents).

8. Conclusion

Aqueous-mediated organic synthesis has rapidly evolved from a scientific novelty to a powerful and
reliable platform for modern chemical transformations. This shift reflects a broader movement in chemical
sciences toward processes that are more sustainable, economically viable, and environmentally
benign, without compromising on efficiency or scope.

Throughout this comprehensive review, we’ve emphasized how water, once avoided in organic
laboratories, is now embraced across multiple domains of synthesis—ranging from academic bench-top
methodology to large-scale production. Its role as a solvent extends well beyond “green” labeling; it
enables unique reactivity, rate acceleration, and selectivity enhancementsin numerous reaction classes
that are slow or less efficient in traditional organic solvents making water an indispensible solvent for
organic synthesis.
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