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ABSTRACT- Organocatalysis has emerged as a powerful and environmentally benign approach inside the 

quest for sustainable chemical synthesis. This paper explores the primary ideas and various types of 

organocatalysis, highlighting their relevance in reaching inexperienced chemistry dreams. Recent 

improvements in organocatalyst design—starting from bifunctional catalysts to non-covalent and 

asymmetric structures—are tested, along-side their sensible programs in diverse natural variations. A 

comparative analysis with traditional metal-based catalysis is offered to underscore the ecological and 

financial advantages of steel-free structures. Key standards for selecting efficient, non-poisonous, and eco-

friendly organocatalysts are outlined, emphasizing parameters such as availability, stability, reusability, and 

response conditions. Finally, the assessment evaluates the future instructions and business scalability of 

organocatalytic methodologies, positioning them as important equipment for sustainable synthesis in both 

academic and business domain names. 

Keywords: Organocatalysis, Green Chemistry, Sustainable Synthesis, Metal-free Catalysis, Eco-friendly 
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I. INTRODUCTION 

The 21st century has witnessed an urgent need to develop environmentally benign and economically viable 

chemical processes. Traditional synthetic chemistry, heavily reliant on transition metal catalysts and 

nonrenewable resources, often results in the generation of toxic by-products, excessive energy consumption, 

and long-term environmental hazards. These limitations have prompted a paradigm shift toward green 

chemistry—a framework aimed at designing products and processes that reduce or eliminate the use and 

generation of hazardous substances.[1] 
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One of the key enablers of this green transition is sustainable catalysis, a field that focuses on utilizing 

catalytic processes to achieve efficient chemical transformations while minimizing waste, energy use, and 

environmental impact. Within this domain, organocatalysis, which employs small organic molecules as 

catalysts, has emerged as a highly promising strategy, aligning with the 12 principles of green chemistry.[2] 

 

Fig.1. Basic Organocatalysis reaction 

1.1.BASICS  AND JOURNEY OF ORGANOCATALYSIS 

Organocatalysis [3] 

Organocatalysis refers to the acceleration of chemical reactions the usage of small, non-steel organic 

molecules as catalysts. These catalysts are normally composed of elements including carbon, hydrogen, 

nitrogen, oxygen, sulfur, and phosphorus, and are able to taking part in response mechanisms without being 

consumed within the system. 

Organocatalysts are typically: 

 Metal-free 

 Often chiral 

 Stable, readily available, and biodegradable 

 Effective under mild and environmentally friendly conditions 

This makes organocatalysis especially attractive in the context of green chemistry and pharmaceutical 

synthesis, where metal contamination is undesirable. 

Along with enzymes and catalysts predominantly based on metals, asymmetric organocatalysis—which 

involves using tiny chiral organic molecules as catalysts for stereoselective reactions—has emerged as a key 

component of asymmetric catalysis. This approach has found its way into the toolboxes of scientists working 

on business and educational projects. The field has contributed accurate concepts and methods over the 

years, garnering recognition through notable honors such as the 2021 Nobel Prize in Chemistry, which was 

given to Benjamin List and David MacMillan for their groundbreaking work in the field of "the 

improvement of asymmetric organocatalysis." Although the use of organic compounds as catalysts has been 
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recognized for more than a century, a new trend in natural synthesis was spurred by the ground-breaking 

articles by List, Barbas III, Lerner, and MacMillan in 2000. Because of MacMillan, the term 

"organocatalysis" has become very broad, which has led to a significant increase in the number of research 

organizations that concentrate on this topic. 

It's crucial to understand that many significant contributions were made beforehand, even if the 2000 

guidelines signaled the start of modern-day organocatalysis and created intense interest and rivalry in 

organic synthesis. These early works were no longer of great interest at the time and were only seen as 

discrete catalytic techniques rather than as the basis for a larger field. Furthermore, because organocatalysis 

did not exist at the time, those advanced procedures were no longer categorized as such.[4] 

Asymmetric organocatalysis has been an absolutely amazing journey. It all began more than a century ago 

when researchers like von Liebig, Knoevenagel, and Bredig confirmed that unequal reactions could be 

catalyzed by tiny chiral natural compounds. The ability of this subject was demonstrated by the main 

remarkably enantioselective reactions that were seen in the later half of the 20th century. However, the true 

excitement began in 2000 with innovative classes taught by MacMillan and List. As a result of their work, 

asymmetric organocatalysis saw rapid advancements and gained widespread recognition. This incredible 

journey culminated in 2021 when David MacMillan and Benjamin List were presented with the Chemistry 

Nobel Prize.[6] 
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Fig.2. Development of Asymmetric Organocatalysis [5] 
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1.2 PRINCIPLES OF GREEN CHEMISTRY 

Table.1: Mentioned the concept of green chemistry, formally introduced by Paul Anastas and John Warner, 

revolves around twelve guiding principles that underpin sustainable chemical design.[7]  

Table 1: Principles of Green Chemistry 

Principle Implication in Catalysis 

Prevention Design processes to minimize waste generation 

Atom Economy Maximize incorporation of all materials into the final product 

Less Hazardous Chemical Syntheses Use and generate substances with little or no toxicity 

Safer Solvents and Auxiliaries Avoid or reduce use of hazardous solvents 

Design for Energy Efficiency Conduct reactions at ambient temperature and pressure 

Use of Renewable Feedstocks Prefer raw materials from renewable sources 

Catalysis Prefer catalytic over stoichiometric reagents 

Design for Degradation Products should break down into innocuous substances 

Real-time Analysis for Pollution Prevention Monitor processes to prevent pollution 

Inherently Safer Chemistry Minimize potential for accidents 

 

 

 

 

 

 

 

http://www.ijcrt.org/


www.ijcrt.org                                                     © 2026 IJCRT | Volume 14, Issue 2 February 2026 | ISSN: 2320-2882 

IJCRT2602287 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org c580 
 

1.3. CORE PRINCIPLES OF ORGANOCATALYSIS 

Table.2: The performance and sustainability of organocatalytic reactions are guided by numerous middle 

ideas: [8] 

Table 2: Principles of Organocatalysis 

Principle Description 

Metal-free catalysis Avoids issues of toxicity, metal contamination, and limited metal 

resources 

Mild reaction conditions Many reactions proceed at ambient temperature and pressure 

High selectivity Especially in enantioselective (asymmetric) reactions 

Reusability and recyclability Many organocatalysts are stable and can be recovered or reused 

Compatibility with green 

solvents 

Enables use in water, alcohols, ionic liquids, etc. 

Mechanistic versatility Works through multiple activation modes (e.g., enamine, iminium, 

hydrogen bonding) 

II. TYPES OF ORGANOCATALYSIS 

Organocatalysts can be extensively labeled based on their activation mode or mechanism of action. The four 

primary types are: 

2.1 Covalent Organocatalysis 

Covalent organocatalysis entails the transient formation of covalent bonds between the organocatalyst and 

the substrate to generate reactive intermediates that facilitate the transformation. Unlike conventional 

catalysis, wherein the catalyst stays non-bonded to the substrate, covalent organocatalysis employs 

mechanisms which includes enamine and iminium ion formation to set off nucleophilic or electrophilic 

facilities, respectively. In enamine catalysis, secondary amines—which includes proline—react with 

carbonyl compounds to form enamine intermediates which might be nucleophilic in nature, permitting 

reactions inclusive of aldol, Mannich, and Michael additions. This method is specially effective in selling 

carbon–carbon bond formation underneath mild situations with high stereoselectivity.[9] 
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On the other hand, iminium catalysis involves the formation of an iminium ion intermediate between a chiral 

amine catalyst and an α,β-unsaturated carbonyl compound. The ensuing iminium ion is more electrophilic 

than the parent substrate, taking into account green nucleophilic addition with progressed regio- and 

stereoselectivity. These  modes—enamine and iminium catalysis—often work in tandem or sequentially in 

cascade or tandem reactions, allowing the synthesis of complicated molecules with a couple of stereocenters 

in a unmarried operation.[10] 

Covalent organocatalysis is a cornerstone of modern uneven synthesis due to its versatility, operational 

simplicity, and avoidance of toxic metal catalysts. Its application in inexperienced chemistry stems from its 

ability to continue underneath solvent-loose or aqueous conditions, minimal waste generation, and using 

non-poisonous, biodegradable catalysts. The extensive applicability of covalent organocatalysis across 

various reaction types highlights its significance as a sustainable opportunity in natural synthesis.[11] 

 Enamine Catalysis: Typically used for nucleophilic activation of carbonyl compounds. 

o Catalyst example: L-proline 

o Reactions: Aldol, Michael addition 

 Iminium Catalysis: Activates electrophiles through reversible iminium ion formation. 

o Catalyst example: Chiral secondary amines 

o Reactions: α-Functionalization of aldehydes and ketones 

 

 

Figure.3.Enamine and Iminium Catalysis Mechanism 
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2.2.NON-COVALENT ORGANOCATALYSIS 

Non-covalent organocatalysis is a catalytic approach that is predicated on weak intermolecular 

interactions—which includes hydrogen bonding, ion pairing, π–π stacking, and van der Waals forces—to 

prompt substrates and sell chemical ameliorations with out forming covalent bonds with the catalyst. These 

interactions play a pivotal role in stabilizing transition states and orienting reacting partners in exceedingly 

organized and reactive geometries, which regularly leads to huge enhancements in response quotes and 

selectivity. Among the maximum outstanding and broadly studied non-covalent catalysts are thioureas and 

squaramides, which feature as hydrogen bond donors to activate electrophilic substrates including carbonyl 

compounds, nitroalkenes, or imines.[12] 

Hydrogen bonding organocatalysts are specifically valuable in asymmetric synthesis, as they allow the 

advent of chiral environments around reaction centers. For instance, chiral thiourea catalysts can deliver 

superb enantioselectivity in Michael additions and nitro-Mannich reactions. Another vital class consists of 

chiral Brønsted acids—which include BINOL-derived phosphoric acids—which spark off substrates thru 

proton switch and hydrogen bonding, providing excessive stereocontrol in numerous reactions together with 

Friedel–Crafts alkylations and imine additions.[13] 

Non-covalent catalysis is inherently green due to its mild reaction conditions, metal-free nature, and 

compatibility with environmentally benign solvents like water and ethanol. Furthermore, because these 

catalysts do not form covalent intermediates, they are often easily recovered and reused, contributing to 

waste minimization.[14] 

 

Fig. 4.Non-covalent Organocatalysis 
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2.3.BIFUNCTIONAL ORGANOCATALYSIS 

Bifunctional organocatalysis represents an advanced and highly effective strategy in organocatalytic 

chemistry, wherein a single catalyst molecule possesses two distinct functional groups capable of 

simultaneously activating both the nucleophile and the electrophile involved in a reaction. Typically, one 

functional group acts as a Brønsted base or Lewis base to activate the nucleophilic substrate (such as an 

enamine-forming amine), while the other, often a hydrogen bond donor like a thiourea or squaramide 

moiety, activates the electrophilic partner by stabilizing transition states or intermediates through non-

covalent interactions. This dual activation mechanism significantly enhances both the rate and selectivity of 

reactions, especially in asymmetric transformations.[15] 

Bifunctional organocatalysts are particularly useful in complex carbon–carbon bond-forming reactions such 

as Michael additions, aldol reactions, and Mannich-type processes, where precise control over 

stereochemistry is crucial. Common examples include cinchona alkaloid-derived thioureas and squaramides, 

which have shown excellent performance in enantioselective transformations. The spatial arrangement and 

electronic tuning of both functional sites within the catalyst allow for fine control over chiral induction and 

reaction pathway, making them powerful tools in asymmetric synthesis. Furthermore, these catalysts 

typically operate under mild, metal-free conditions and are compatible with green solvents, reinforcing their 

value in sustainable and eco-friendly chemistry. The continued development of bifunctional organocatalysts 

is opening new avenues for catalytic efficiency and sustainability in organic synthesis.[16] 

 Catalyst examples: Cinchona alkaloids, bifunctional thioureas 

Applications: 

 Asymmetric Michael additions 

 Aldol reactions 

 Tandem or cascade reactions 

Table.3: Emerging Types and Advanced Concepts [17] 

Advanced Type Description 

N-Heterocyclic Carbenes 

(NHCs) 

Serve as nucleophilic catalysts for umpolung (polarity-reversal) 

reactivity 

Photoredox Organocatalysis Light-driven activation using organic photocatalysts 

Chiral Ion-Pair Catalysis Uses chiral anions or cations to induce enantioselectivity 

Organotextile Catalysis Organocatalysts immobilized on fibers or membranes for green 

manufacturing 
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The selection of an appropriate organocatalyst is a critical step in designing an efficient and sustainable 

chemical transformation. Several key factors must be considered to ensure optimal reactivity, selectivity, 

and environmental compatibility. First and foremost, the nature of the target reaction—whether it involves 

nucleophilic or electrophilic activation—guides the choice of the catalytic mechanism (e.g., enamine, 

iminium, hydrogen bonding). Equally important is the level of selectivity required, particularly in 

enantioselective or regioselective transformations, where chiral catalysts such as proline derivatives, 

cinchona alkaloids, or chiral phosphoric acids are preferred.[18] 

The compatibility of the catalyst with the substrate and reaction conditions is also essential. Organocatalysts 

should ideally function under mild, non-toxic, and preferably solvent-free or aqueous conditions. Their 

performance in green solvents such as ethanol, water, or ionic liquids can enhance the sustainability profile 

of the process. Additionally, the operational simplicity and stability of the catalyst, including its ease of 

handling, air and moisture stability, and recyclability, can significantly influence its practical utility in both 

academic and industrial settings.[19] 

Economic and ecological considerations further shape catalyst selection. Readily available, inexpensive, and 

biodegradable catalysts are highly desirable, especially for large-scale applications. Finally, the potential for 

catalyst reuse and compatibility with continuous or flow chemistry systems adds to the appeal of a given 

organocatalyst in sustainable synthesis. Thus, the ideal organocatalyst balances high activity and selectivity 

with environmental benignity, cost-effectiveness, and scalability, aligning seamlessly with the principles of 

green chemistry. Some common Organocatalyst given in Table.4 [20]  

Table.4: Common Organocatalyst Classes [21] 

Class Representative Catalyst Key Applications 

Amines Proline, pyrrolidine Aldol, Mannich, Michael reactions 

Thioureas Schreiner-type thioureas Hydrogen bonding activation 

Cinchona alkaloids Quinine, quinidine Phase-transfer, asymmetric catalysis 

Chiral phosphoric acids BINOL-derived acids Brønsted acid catalysis 

NHCs Triazolium salts Umpolung reactions, esterifications 
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2. INNOVATIONS IN ORGANOCATALYSIS FOR SUSTAINABLE SYNTHESIS  

Organocatalysis has emerged as a effective tool in sustainable synthesis, offering metal-unfastened, 

environmentally benign options to standard catalysis. Recent improvements attention on improving 

efficiency, selectivity, and reusability of organocatalysts. The improvement of bifunctional, non-covalent, 

and bio-derived catalysts has extended their synthetic programs. These improvements support the goals of 

inexperienced chemistry via minimizing waste and promoting more secure, purifier techniques. 

Table.5: Innovations in Organocatalysis for Sustainable Synthesis [22,23] 

Innovation Area Description Catalyst 

Type/Example 

Sustainability Impact 

Enamine Catalysis Covalent activation of 

nucleophiles via enamine 

intermediate 

L-Proline, Pyrrolidine Metal-free, mild 

conditions, stereoselective 

reactions 

Iminium Catalysis Activation of electrophiles 

via iminium ion formation 

Chiral secondary amines High enantioselectivity, 

broad applicability 

Bifunctional 

Catalysis 

Simultaneous activation of 

nucleophile and 

electrophile 

Cinchona-thioureas, 

squaramides 

Enhanced reactivity and 

enantioselectivity 

Hydrogen Bonding 

Catalysis 

Non-covalent activation 

through H-bond donors 

Thioureas, Squaramides Works under mild and 

green conditions 

Phase-Transfer 

Organocatalysis 

Facilitates reactions 

between immiscible phases 

Quaternary ammonium 

salts, Cinchona 

derivatives 

Compatible with aqueous 

media, reduced solvent use 

N-Heterocyclic 

Carbenes (NHCs) 

Umpolung of aldehydes for 

unique reactivity 

Triazolium salts Metal-free catalysis for 

complex bond formation 

Photoredox 

Organocatalysis 

Light-activated catalysis 

using organic 

photocatalysts 

Eosin Y, Acridinium 

salts 

Low energy input, avoids 

harsh reagents 

Organocatalysis in 

Water 

Reactions conducted in 

aqueous or micellar media 

Hydrophilic proline 

derivatives, micelle 

systems 

Minimizes solvent waste, 

improves safety 

Immobilized 

Organocatalysts 

Catalysts fixed on 

polymers, silica, textiles 

for reusability 

Proline on silica, 

organotextiles 

Catalyst recycling, 

minimal leaching 

Asymmetric 

Cascade Reactions 

Multiple transformations in 

one pot using single 

catalyst 

Proline, bifunctional 

amines 

Reduces steps, waste, and 

resource consumption 
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2.1.Differences between organocatalysis and metal-based catalysis 

Organocatalysis and steel-based totally catalysis are two distinct approaches to accelerating chemical 

reactions, every with precise environmental implications. From a inexperienced chemistry attitude, 

organocatalysis gives a metal-free opportunity that minimizes toxicity and complements biodegradability. 

Metal-based catalysis, while often extraordinarily green, can also contain uncommon, poisonous, or non-

renewable metals. Comparing these techniques highlights key sustainability change-offs in contemporary 

catalytic strategies. 

Table.6: Differences between organocatalysis and metal-based catalysis from a green chemistry perspective: 

[24] 

Parameter Organocatalysis Metal-Based Catalysis 

Catalyst Type Small organic molecules (e.g., 

amines, thioureas) 

Transition or noble metals (e.g., Pd, Pt, Ru) 

Source Sustainability Often renewable, bio-based sources Often non-renewable, mined metals 

Toxicity Generally low; minimal health and 

environmental risks 

Can be toxic to humans and ecosystems 

Environmental 

Persistence 

Typically biodegradable Persistent in the environment 

Waste and 

Byproducts 

Produces less hazardous waste Metal residues may be hazardous and 

require careful disposal 

Reaction Conditions Often mild (ambient temperature 

and pressure) 

Sometimes require high 

temperature/pressure or inert atmosphere 

Solvent Compatibility Compatible with green solvents 

(e.g., water, ethanol) 

Often requires organic solvents or non-

green media 

Energy Efficiency Generally energy-efficient May require more energy input depending 

on reaction 

Catalyst Recovery Recovery can be difficult in 

homogeneous systems 

Easier recovery, especially in 

heterogeneous systems 

Recyclability Limited in some cases Often more recyclable 

Reaction Scope Excellent for enantioselective and 

C–C bond-forming reactions 

Broad, especially for hydrogenation, 

oxidation, and cross-coupling reactions 

Industrial Maturity Growing, but not yet dominant Well-established and widely used 

Alignment with Green 

Principles 

Strong (non-toxic, renewable, less 

hazardous waste) 

Moderate (needs greener metals and better 

waste management) 
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III. STRATEGIES OF GREEN CATALYSIS IN SUSTAINABLE CHEMISTRY 

Green catalysis emphasizes using catalysts derived from renewable assets, which include enzymes or 

organocatalysts, which are biodegradable and non-toxic. These alternatives lessen the environmental burden 

in comparison to heavy metallic catalysts, which can be frequently dangerous and hard to eliminate 

accurately. 

1. USE OF RENEWABLE RAW MATERIALS IN GREEN CATALYSIS 

The use of renewable raw materials is a core method in green catalysis aimed toward minimizing the 

environmental footprint of chemical approaches. Renewable feedstocks are derived from natural 

sources that may be replenished through the years, which includes plant biomass, agricultural waste, 

vegetable oils, starch, cellulose, sugars, or even carbon dioxide. These materials function sustainable 

alternatives to non-renewable petrochemical-based totally feed stocks. By making use of biomass-

derived intermediates, chemists can create a huge range of treasured chemicals and fuels with-out 

depleting finite resources. For example, lactic acid and glycerol, by way of-products from bio-

refineries, can be transformed into polymers and pleasant chemical compounds using eco-friendly 

catalysts. This technique no longer handiest aligns with the ideas of atom financial system and 

biodegradability but also integrates with round economy fashions by way of changing waste into 

valuable inputs. Moreover, renewable uncooked materials regularly result in lower toxicity and better 

compatibility with biocatalysts, making them rather appropriate for inexperienced synthesis in 

pharmaceuticals, agrochemicals, and bio-based totally materials.[25] 

2. DESIGN OF RECYCLABLE CATALYSTS IN GREEN CATALYSIS 

The design of recyclable catalysts plays a vital position in promoting sustainable and eco-friendly 

chemical methods. These catalysts are evolved with the goal of being reused more than one times 

without substantial loss of pastime, selectivity, or structural integrity. By allowing repeated use, 

recyclable catalysts assist lessen the intake of uncooked materials and the technology of unsafe 

waste, which aligns with the middle principles of green chemistry. Commonly, heterogeneous 

catalysts are used due to their solid nature, which permits easy separation from liquid reaction 

mixtures through filtration or centrifugation. Additionally, catalysts can be supported on substances 

like silica, polymers, or activated carbon to beautify surface area and stability. Another progressive 

technique entails magnetic catalysts, which include magnetic nanoparticles and may be swiftly 

recovered the use of outside magnets. The development of such catalysts focuses on making sure 

thermal and chemical stability, resistance to leaching, and easy regeneration. These houses make 

recyclable catalysts perfect for industrial packages, mainly in continuous-flow reactors, in which 

catalyst recovery and reuse are crucial for value and environmental efficiency.[26] 
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3. DEVELOPMENT OF ENERGY-EFFICIENT PROCESSES 

The development of power-green strategies is a key approach in inexperienced catalysis aimed at 

decreasing the overall strength consumption and environmental effect of chemical reactions. 

Traditional chemical synthesis frequently relies on high temperatures and pressures, which require 

enormous strength input and generate extra warmth and emissions. In assessment, green catalytic 

methods are designed to perform underneath mild situations, including room temperature and 

atmospheric strain, significantly reducing electricity demands. This is finished via the usage of pretty 

lively and selective catalysts which can boost up reactions correctly with out the want for excessive 

situations. Additionally, emerging technologies like photocatalysis and electrocatalysis utilize 

renewable energy assets together with mild or energy, frequently from solar or wind strength, to 

force chemical ameliorations. These procedures no longer only decorate response charges and 

selectivity but additionally align with sustainable energy dreams. By minimizing electricity 

utilization and integrating renewable strength structures, strength-green catalytic methods contribute 

to reducing greenhouse fuel emissions and the carbon footprint of chemical manufacturing, making 

them important for reaching lengthy-time period environmental sustainability.[27] 

4. APPLICATION OF NON-TOXIC AND GREEN SOLVENTS 

The utility of non-poisonous and green solvents is a fundamental aspect of inexperienced catalysis 

that focuses on changing hazardous, risky organic solvents with environmentally benign alternatives. 

Traditional solvents like benzene, toluene, and dichloromethane are regularly toxic, flammable, and 

pose enormous fitness and environmental dangers. Green chemistry promotes the use of safer 

solvents inclusive of water, ethanol, glycerol, ionic drinks, supercritical carbon dioxide (scCO₂), and 

deep eutectic solvents. These options are typically non-volatile, biodegradable, and less harmful to 

each human fitness and ecosystems. For instance, water is an excellent inexperienced solvent due to 

its abundance, non-toxicity, and potential to aid a wide variety of catalytic reactions, particularly in 

aqueous-phase and biocatalytic structures. Similarly, ionic beverages and deep eutectic solvents 

provide tunable properties, low vapor stress, and recyclability, making them suitable for sustainable 

synthesis. The use of green solvents no longer most effective reduces publicity to harmful chemical 

compounds however also simplifies waste management and lowers the environmental footprint of 

industrial methods. Incorporating these solvents into catalytic structures supports cleaner production 

methods and aligns with the wider dreams of sustainable and accountable chemistry.[28] 
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Fig.5. Flow chart: Strategies of green catalysis in sustainable chemistry [29] 

IV. CONCLUSION 

Organocatalysis has emerged as a powerful and sustainable alternative to conventional metallic-based totally 

catalysis, imparting widespread advantages aligned with the concepts of inexperienced chemistry. Its use of 

non-toxic, simply to be had, and frequently biodegradable natural molecules as catalysts minimizes 

environmental and fitness risks even as permitting high selectivity beneath slight response situations. 

Organocatalytic strategies reduce reliance on scarce and poisonous metals, decrease power intake, and guide 

the improvement of more secure, cleaner synthetic methodologies. While demanding situations remain in 

terms of scalability and catalyst recuperation, the continued development of organocatalysis holds 

extraordinary promise for accomplishing environmentally benign and economically possible chemical 

synthesis in each instructional and business settings. 
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