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ABSTRACT:

Green chemistry, also called sustainable chemistry, is a new field that encourages the look and
development of chemicals using principles that minimize the utilization and generation of toxic
chemicals. Waste reduction by means of clever strategies and catalysis is the heart of green
chemistry. In recent years, catalysts have taken an important role in solving a variety of problems,
particularly associated with energy and environment. Catalysts are the primary nanomaterials with
wide applications both in academic research and industry. Catalysis research features an incredible
opportunity to improve the environment for the reason that the catalytic process can produce
cleaner/greener technologies. In this review, the elementary concepts of phase-transfer catalysis
(PTC), its classification, applications, and detailed aspects such as the most proficient and
environment-friendly green method of organic synthesis, particularly for industrial purpose, have
been reviewed.
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1. INTRODUCTION:

Over three decades, green chemistry has become a significant adoption by industry around the world
and for all practitioners and learners in the research community as green chemistry accomplishes an
economically beneficial ways for industry and helps to solve the scientific challenges of protecting
human health and environment at the molecular level. Green chemistry, likewise known as sustainable
chemistry, is defined as the design or synthesis of chemical products and processes which can
eliminate or reduce the use or generation of hazardous substances[1].

The increasing use of catalytic process such as Phase- transfer catalysis (PTC) can substantially
reduce waste formation at the source, resulting in primary pollution prevention. Phase transfer
catalysts are heterogeneous and positive catalysts that facilitate reaction between two substances that
have different immiscible phases. These catalysts accelerate the rate of reaction between chemicals
and help in solubilizing salts in organic phases. PTC are used in the synthesis of organic chemical
compounds viz. pharmaceuticals and agrochemicals. PTC are especially useful in green chemistry
allowing the use of water so the need for organic solvents are reduced. Normally, the reaction with
PTC can be carried out in mild conditions and easy workup procedure so highly used in industrial
scale[2]. The objective of this review was to provide brief idea of Phase-transfer catalysis as one of
the strategies of green chemistry.

1.1. History:

The term green chemistry was first established as in reaction to the Pollution Prevention Act 1990,
which specified that U.S. national policy should minimize pollution by improved strategies such as
cost-effective changes in processes, products, raw materials, and recycling as an alternative to
treatment and disposal. For inspiring redesign of existing chemical products and processes with
diminishing impacts on human health and the environment, in 1991, the U.S. Environmental
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Protection Agency (EPA) Office of Pollution Prevention and Toxics had commenced a research grant
program. The EPA, in partnership with the U.S. National Science Foundation (NSF), in the early
1990s continued to fund basic research study in green chemistry.

The attention towards academic and industrial green chemistry success stories was drawn by the
introduction of the annual Presidential Green Chemistry Challenge Awards in 1996. The technology
and the awards program are now a foundation stone of the green chemistry educational curriculum. In
the mid-to-late 1990s the number of international meetings on green chemistry, such as the Gordon
Research Conferences on Green Chemistry, and green chemistry networks established in the United
States, the United Kingdom, Spain, and Italy.

In 1998, the twelve Principles of Green Chemistry were launched, providing a new theme with a clear
set of guidelines for further development. The Royal Society of Chemistry launched its journal of
Green Chemistry in 1999.

As national webs have grown-up, in the past 10 years, green chemistry associated issues have
appeared in core journals, and green chemistry concepts have continued to gain alertness. A clear
mark of this was provided by awarding Nobel Prize in 2005 for Chemistry to Chauvin, Grubbs, and
Schrock, which clapped their work as “a great step forward for green chemistry”[3].

1.2. Trends in Green Chemistry:

The main goals of green chemistry are to design, development and utilization of chemical products
and processes that lessen or abolish the use or formation of substances that are dangerous to the
environment as well as human health. The main goals of green agenda are advanced through some of
the following leading trends:

a. Research in the area of catalytic and biocatalytic reactions for obtaining highly specific, pure

compounds free from toxic by-products.

Looking for new raw materials that are harmless and renewable, for example, biomass.

Planning for less toxic eco- friendly chemicals.

d. Discovering and testing a new alternative, safe and renewable reaction media such as water,
ionic liquids, and supercritical fluids.

e. Finding and trying new alternative reaction conditions, such as microwave, ultrasound, and
light catalysed reactions.

f. Exploration of alternative routes for the purification of contaminated air and water. [4]

c o

1.3. Principles of Green Chemistry:

In the 1990s, John Warner and Paul Anastas proposed 12 principles of green chemistry that are still in
use today. These principles, are based on the reduced or nonuse of hazardous solvents in chemical
processes, moreover producing non- waste products. [5]

Waste prevention

Maximize atom economy

Less hazardous chemical synthesis
Designing safer chemicals and products
Safe solvents and auxiliaries

Design for energy efficiency

Use of renewable feedstock

Avoid chemical derivatives

Catalysis

Design for degradation

Real-time pollution prevention

Safer chemistry for accident prevention
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1.4. Applications of Green Chemistry

1.4.1. Pharmaceutical applications:

Pharmaceutical companies have the ability to reduce the environmental pollution by using the
knowledge related to green chemistry. Green chemistry is involved in developing innovative and safer
drug delivery methods that are more efficient, effective and could help multitudes of patients[6].

Examples: -

1.

Phosphoramidite: Solid-phase which is a blend of antisense oligonucleotides. It has been
reformed to include the concepts of green chemistry by abandoning the usage and/or
formation of toxic or hazardous materials and reutilizing the essential constituents like
protecting groups amidites and solid support. Thus, improving the cost-efficiency and atom
economy[7].

The use of chiral metal catalyst containing 2,2'-bis[diphenylphosphino]-1,1'-binaphthyl ligand
for the formation of Naproxen with fine quantity of product and this was explained by
Anastas et al[8].

The green chemistry used in the atorvastatin synthesis for production of a key intermediate
and the processes take place in two steps: -

i.  Bio-catalytic reduction of ethyl-4-chloro-3-oxobutanoate is first step which occurs
with the combination of keto-reductase and glucose for regeneration of the substance,
essential for the enzyme activity, forming a desired product i.e., (S)-ethyl-4-chloro-3-
hydroxybutyrate with high yield.

ii.  The next step is the substitution of chloro with cyano group. It was accelerated by
halohydrin dehalogenase, and this reaction proceeds at neutral pH and atmospheric
temperatures in presence of natural catalyst[9].

On the other hand, green chemistry doesn’t give any waste product, and the reaction also
occurs as a quick one-step process accelerated by little amount of catalyst. For example -
Synthesis of Aspirin by microwave irradiation using catalysts such as CaCO;, NaOAc,
H>S04, MgBr2.OEt,, AICI;, EtsN as well as solvent free approach have been designed[10].

1.4.2.Green chemical reactions:

e Production of halide free aromatic amines:

Conventional synthesis of aromatic amines is finished by treating benzene with chlorine with the
help of nitrogen and then displacing chlorine with a kind new group (nucleophilic substitution).
This process has been illustrated in the synthesis of 4-amino-diphenylamine. Monsanto company
has developed a new method for the synthesis of 4-aminodiphenylamine that avoids the use of
halogenation intermediates (Fig.-1). In this process, nitrobenzene along with aniline is heated in
the existence of tetramethyl ammonium hydroxide [TMA(OH)] to form tetramethyl ammonium
salts. Hydrogenation of the latter gives the resulting 4-aminodiphenylamine[11].

NH2
TMA(OH)/Pd-Z +

QX

4- Ammodlphenylamme

NH TMA /Pd-Z + H,0

o

+
N -O.TMA / Pd-Z + H,0

Fig. 1 — Synthesis of 4-Aminodiphenylamine.

e Homogeneous catalysis and atom economical system:
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This system was developed by Trost. The objective of this work is to diminish the useless by-
products of atoms created during process. An example of a reaction in which less or no by-
products are formed is Aldol condensation[12].

1.4.3.4s green reagents:
e Liquid oxidation reactor:

It permits harmless oxidation of organic chemicals by pure oxygen. The reaction occurs at low
temperature and is quite useful. As a result, the amount of vent gas has been lessened.

e Non phosgene isocyanate synthesis:

Industrial production of isocyanates, or di-isocyanates in specific, has been entirely based on
phosgene processes. Phosgene is a remarkably poisonous gas and large amounts of corrosive HCI
are produced as a by-product. A new technique is developed as non-phosgene method for
synthesis of isocyanates, which includes catalytic synthesis of N-substituted carbamates from
nitro- or amino compounds with CO, dimethyl carbonate (DMC), urea and even CO; etc. as
carbonyl sources, then thermal breaking of N-substituted carbamates to give corresponding
isocyanates[13].

1.4.4.Reaction using green solvents:

Green solvents are substitutions of hazardous solvents resulting in more eco-friendly, biodegradable
liquids such as vegetable oils, glycerol, and water. The use of supercritical fluid, i.e., CO, as an
alternative to organic solvents already represents a means of waste reduction in the chemical industry.
Asymmetric catalytic reactions, mostly hydrogenation and hydrogen transfer reactions, which can be
carried out in supercritical carbon dioxide, provide selectivity superior to those performed in
conventional solvents[14].

1.4.5. Manufacturing drugs:
Oligonucleotide drugs:

Synthetic oligonucleotide drugs are a growing class of drug molecules with widespread therapeutic
value. Currently, they are produced by making use of HL-30™, (a polystyrene bead) at a dose of 90
mmol/g. It has plentiful restrictive characteristics: (1) Non-biodegradable, (2) Non-renewable, (3) It is
a single-supply raw material. (4) It contributes ~40% of raw material fees. Hence, effective
regeneration of consumed solid supports and their reuse is achieved in oligonucleotide synthesis.

1.4.6.1In Agriculture:
e Soybean cyst nematode management:

Soybean cyst nematode pest remain to be a serious agricultural problem. As part of an
interdisciplinary attempt to identify a biorational solution to the problem, analogs of
glycinoeclepin A, which is a natural hatching stimulus of the nematode, were created and tested.
Some of the analogs were found to inhibit the hatching of soybean cyst nematode eggs. The eggs
are then so protected in the female such that it can survive for eleven to twelve days in soil[15].

1.4.7.  Green chemistry in routine life:
1. Green Dry Cleaning of Clothes:

The most common solvent used for dry maintenance is Per-chloroethylene (PERC). It is also
suspected as a source of cancer. To overcome this, Micell technology[16], practices liquid CO, and
surfactant for dry cleaning clothes in place of PERC and CO; so that the necessity of halogenated
solvent gets eradicated[17].

2. Bleaching Agents:
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Green chemistry is also employed in day-to-day life for green dry cleaning of clothes. By employing
green approaches, the use of perchloroethylene was replaced by liquid CO. Green bleaching agent
such as hydrogen peroxide is used[18].

3. To Convert Turbid Water into Clear Green Solution:

In the existing times, the use of alum salt to treat municipal and industrial waste water is a routine
practice. It has been found that alum is not ideal for this purpose because it is rising the hazardous
ions in discharged water and may cause Alzheimer’s disease. Thus, agriculture waste discharged such
as kernel powder and tamarind seeds, act as the helpful agents to compose municipal and industrial
waste water clears[19].

2. PHASE-TRANSFER CATALYSIS:

Some of the most important advances in chemistry, especially industrial chemistry, over the past
decade have been in the area of catalysts. Catalysts play a major role in gaining the economic strength
of the chemical industry. In 1971, for the first-time word "Phase Transfer Catalysis (PTC)” was
coined by Starks which is a beneficial working concept. The technique of phase-transfer catalysis was
introduced, developed, and understanding and application of this method for important organic
reactions have prolonged exponentially. PTC is a synthetic organic method and manufacturing
process technology that is applied effectively in a wide range of organic reactions. PTC is widely
applied for simple organic reactions, in the synthesis of pharmaceuticals, agricultural chemicals,
flavouring agents, perfumes, dyes and for polymerization reactions, monomer synthesis, and polymer
modifications; for the analysis of trace organic and inorganic compounds; for environmental control
processes and pollution and for many other applications. [20].

Nowadays, PTC is a predictable potential tool for enhancing efficiency, improving safety, and
reducing environmental impact. The advances of the same in recent years have made a remarkable
impact in organic synthesis and are being extremely employed to a multitude of organic
transformations such as substitution, displacement, condensation, epoxidation, and polymerization
reactions. Even though, various soluble single-site PTCs have extensively used for a number of
organic reactions, but its usage is often limited, again because of its inseparability[21].

2.1.Basic Concepts in Phase-Transfer Catalysis:

PTC is the most powerful tool in many fields of chemistry. It is a widely applied technique for
progressing reactions between two or more reagents in two or more immiscible phases, where the
reaction is inhibited because the reactants cannot combine easily. A reagent called "phase-transfer
agent" is added for transferring one of the reagents to a site where it can rapidly and conveniently
react with another reagent. The basic requirement for PTC is that the transferred species must be in an
extremely active state when transferred; if not, then large amounts of phase-transfer agents will be
required. This activation function along with the transfer function, allows phase-transfer catalysis to
happen with only a catalytic amount of phase-transfer agent[22].

2.2.Principle of Phase-Transfer Catalysis:

Reuben and Sjoberg explained the principle of PTC in 1981. The PTC reactions depend on the certain
phase-transfer catalysts (PT catalysts) which permit the transport of one reagent from one phase into
the second immiscible phase which contains the other reagent. Thus, the reaction occurs via
combining the reagents which are originally in different phases. However, it is also important that the
substance being transferred is in an active state for effective PT catalytic action, that is regenerated
throughout the organic reaction[23].

2.3. Mechanisms of PTC:

The mechanism of PTC reaction was first proposed by Charles Starks, an industrial chemist, in 1971.
Dr Starks called this mechanism as the “Extraction Mechanism”[24]. According to Starks work, a
quaternary ammonium halide (Q"X") present in the aqueous phase undergoes anion exchange with the
anion (Y") of the reactant dissolved in the aqueous solution. The formed ion pair (Q“Y") can pass
through the liquid-liquid interface as a result of its lipophilic nature and goes from the interface into
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the organic phase, this step indicates the phase transfer. In the organic phase, the anion of the ion pair
undergoes a nucleophilic substitution reaction with the organic reagent making the desired product
(RY). The cycle continues with subsequent return of catalyst to the aqueous phase.

An outline of PTC reactions is given below (Fig.-2):

Aqueous o . .
phase QY + X -——r Y + QX

e L !
I K

QY + RX —»  RY + QX

Organic
phase

Fig. 2- Mechanism of PTC.

A requirement for a substance to function as a PT-Catalyst is to form ion pairs soluble in the organic
phase and to remain transferred in a very active state[25].

An important issue which influences reactivity is the solvation. The amount of water that is co-
extracted with the ion pair into the organic phase may affect the desired reaction. Reducing the
hydration sphere of the anion or using solid-liquid PTC conditions can overcome this problem. As this
mode supposes water-free reactions, it initiates limited followers in the field of analytical chemistry.
Examples of such applications involved are the determination of carboxylic acids[26], the quantitation
of acidic tryptophan metabolites[27], the determination of 5-fluorouracil in plasma[28] and uracil in
DNA[29], the analysis of long chain fatty acids[30] and the simultaneous determination of haloacetic
acids in trace amount in biological samples as their pentafluorobenzyl derivatives[31].

2.4. Classification of PTC reactions:

There are two main classes of PTC reactions: soluble PTC and insoluble PTC (Fig.- 3). Within each
class, depending on the definite phases, the reactions are further classified as liquid-liquid PTC
(LLPTC), gas-liquid PTC (GLPTC), and solid-liquid PTC (SLPTC). The PT catalyst form a separate
liquid phase in some cases, and this different form of PTC can be grouped along with the traditional
insoluble PTC, where the PT catalyst is immobilized on a solid support. Other nontypical variants of
PTC include reverse PTC via a reverse transfer mechanism and inverse PTC (IPTC). In LLPTC, the
nucleophile is dissolved in an aqueous phase, while in SLPTC it is a solid which is suspended in the
organic phase[32].
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interfacial mechanism

Fig. 3 — Classification of PTC reaction[33].
2.4.1.LLPTC:

Traditionally, PTC has been widely applied in liquid-liquid systems. Phase-transfer catalysis in which
chemical reactions occur in a two-phase liquid— liquid system is called LLPTC and it has been proved
as an effective method for organic synthesis. The application of LLPTC in organic synthesis includes
the synthesis of phenyl alkyl acetonitriles, transfer hydrogenation catalysis, alkyl oxidation, and
sulfonation reactions (Fig.- 4), nitration, polymerizations, and condensation reactions[34].

OH TBAB
(6]
CH,Cl,- H,0, 70°C, 10 min ><©/
SH TBAB S \/@
CH,Cl,- H,0, 70°C, 2 min

Fig. 4- Alkyl oxidation and sulfonation reactions in a liquid-liquid PTC system using a
tetrabutyl ammonium bromide (TBAB) phase-transfer catalyst

2.4.2.SLPTC:

The main advantage of operating PTC in the solid-liquid mode in some reactions is that the degree of
hydration of the ion pair can be lowered by the elimination of the aqueous phase, which results into an
increase in its reactivity. Thus, higher selectivity and better yields are sometimes attained by working
in the solid-liquid mode compared to process in the liquid-liquid (aqueous- organic) mode. For
example, the reaction of benzyl bromide with phenylacetylene by using TDA-1 [Tris(3,6-
dioxaheptyl)amine] as PT catalyst and a cobalt carbonyl complex as cocatalyst gives phenylacetic
acid. The reaction occurs in presence of CO and NaOH and is operated as a liquid-liquid system due
to fast hydrolysis of the acylcobaltcarbonyl intermediate, however the use of solid NaOH gives the
equivalent lactone[35].

2.4.3.GLPTC:
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In GLPTC, the use of PTC in gas-liquid-solid systems was involved. In GLPTC the organic substrate,
present in a gaseous form is spread over a bed containing the inorganic reagent or certain additional
solid reagent/cocatalyst (usually, solid potassium, carbon monoxide) in solid form[36], or an inert
inorganic support[37,38], which are coated with a PT catalyst in its liquefied state. Although, even
this is a gas-liquid-solid triphasic system, it has commonly been mentioned as GLPTC. Advantages of
GLPTC involve ease of variation to continuous flow operation (together with the gaseous reagents
running unceasingly over the solid bed), lack of organic solvent, facility of retrieval of the PT catalyst
since it is clearly loaded onto the solid bed, and upgraded selectivity than LLPTC in certain cases.

A number of reactions can be performed under GLPTC conditions, counting a unique class of
reactions using dialkyl carbonates[39,40]. In methylene activated compounds, DMC acts initial as a
carboxymethyl agent that enables the protection of methylene active derivatives and permits
nucleophilic displacement to occur with another molecule of DMC. This way of synthesis has been
directed for the synthesis of anti-inflammatory drugs like ketoprofen in Belgium. In the similar mode,
methylation of methyl-2- aroxyacetates and aroxylacetonitriles by using DMC offers up to 99% of the
monomethylated derivatives, that are extensively utilized in the production of biologically active
compounds and plant growth regulators[38]. Other reactions employing GLPTC contain halogen
exchange, esterification, etherification, isomerization, alkylation, transhalogenation, Wittig and
Horner reactions, and primary alkyl halides synthesis from primary alcohols. However, solid-liquid
system and liquid-liquid systems are the major classes of reactions wherever PTC has maximum
application, and upcoming discussion and investigation of PTC systems emphasize on SLPTC and
LLPTC reactions.

2.5. Types of Phase Transfer Catalysts:

The various types of phase transfer catalysts are phosphonium and quaternary ammonium salts, PEG
(polyethylene glycols), crown ethers, cryptands, etc. Table 1 summarizes some of the properties of
frequently used PT catalysts[41].

stable under basic conditions.

Catalyst Cost Stability and Activity Use and Recovery
Moderately stable in basic
Ammonium COIldlthIlS. 'and up to 100°C. Widely used. Recovery is
Cheap Decomposition by Hofmann . .
salts S .| relatively difficult.
elimination under basic
conditions. Moderately active.
Phosphonium | Expensive than Therma.I ly ‘more stable than Widely used. Recovery is
. ammonium salts, although less . .
salts ammonium salts relatively difficult.

Stable and very active catalysts

Often used. Recovery is

. both under basic conditions and | difficult and  causes
Crown ethers | Expensive . . .
at higher temperatures up to | environmental issues due
even 150-200°C. to their toxicity.
Stable and highly reactive, | Used sometimes despite
Cryptands Expensive excluding the presence of strong | high costs and toxicity,
acids. due to higher reactivity.
Often used and especially
Lower activity but more stable | larger quantities of
PEG Very cheap than  quaternary ammonium | catalyst cause no
salts. problems. Reasonably

easy to recover.
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Table 1 — Commonly used PT catalysts
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2.5.1. Quaternary ammonium salts:

Among all types, the quaternary ammonium salts (commonly called as quats) are the cheapest and
hence the most widely used in the industry. They are chemical compounds having nitrogen in their

skeleton and forming a salt with different groups. Fig. 5 shows the commonly used ammonium salts
as PT catalysts[42].

(0] N N
Cl
)J\O/\/Ni +/\/0\/\
N (0}
(@) ©/\/ \

Acetylcholine chloride Benzethonium chloride

WO

N
NF NN
B
\/\/ \/\/ )j\o- . ' r\_©
Benzyltrimethylammonium
Tetrabutylammonium acetate chloride Benzyltributylammoniumbromide

|
J) QQ -V
_\ﬁ ;
P=N= @ Tetramethylammoniumbromide
0 @@ S
~/ N—

Benzyltributylammoniumchloride . .
Hexaphenyldiphosphazenium

1 Tetramethylammonium cyanide
chloride

Fig. 5- Commonly used ammonium salts as PT catalysts

2.5.2. Phosphonium Salts:
These are also analogous to the ammonium salt. The only difference is that instead of nitrogen, it

contains phosphorous. Some commonly used phosphonium salts as PT catalysts are shown in Fig.
6[43-45].

/\/\/\/\70_(.5?_ /\/\P(\/\O.. C

T ;

Tetrabutylphosphonium methanesulfonate Tetrabutylphosphonium p—toulenesulfonate

/\/\/\/\

N \/\/ \/\/ .
P Tetrabutylphosphonium p
bromide
ClI- Br

Tetraphenylphosphonium ©\ _ Tetraphenylphosphonium
chloride o | bromide
T+
HO™\ "~ OH O~-F—ChHs

|
HO— '\ OH 0 —_pt
cr | Cl™

Tetrakis(hydroxymethyl)-

phosphonium chloride  Methyltriphenoxyphosphonium Tetramethylphosphonium
iodide chloride

Fig. 6- Phosphonium salts used as PT catalysts
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2.5.3.Crown ethers and Cryptands:

Macrocyclic and macrobicyclic polydentate ligands as crown ethers and cryptands are commonly
applied as PT catalysts, precisely in solid-liquid systems, owing to their capacity to complex and
solubilize metal cations, with the corresponding anion to retain charge balance. Although, regardless
of their great activity as successful PT catalysts, crown ethers (Fig.- 7) and cryptands are not
practicable for maximum industrial purposes due to their superior costs and toxicity[46—48].

/N /N \
¢ 0 0 0 NH O
o L) U ) O
o O 0O O
O HN

2-(Hydroxymethyl)-12-crown 4-Ether ~Benzo-12-crown 4-Ether 4,10-Diaza-12-crown 4-Ether

Fig. 7- Crown ether used as PT catalyst
2.5.4. Polyethylene glycols:

Polyethylene glycols (PEGs) and their derivatives are also extensively utilized as PT catalysts.
Although they are less active than quaternary ammonium salts and crown ethers, they are
comparatively inexpensive and environmentally harmless. PEGs are nontoxic, stable, easy to regain
and easily biodegradable, and are available without difficulty. For reactions with hydroxide transfer
step in solid-liquid systems in inconspicuously polar solvents, PEGs acts as a great PT catalyst with
occasionally better activities than crown ethers. Water solubility renders them unfortunate catalysts
meant for liquid-liquid systems, even though in certain instances the PEG can produce a third
catalyst-rich phase and became active PT catalyst[49].

Various other innovative PT catalysts have been formed which have definite applications in specified
types of reactions. For example:

e Kondo et al. [43,50,51] have established polymeric equivalents of dipolar aprotic solvents
such as N-N-dimethylformamide, dimethyl sulfoxide, tetramethylurea, N-methyl-2-
pyrrolidone, and so on, in both immobilized and soluble forms. Similarly, chiral PT catalysts
are widely used based on optically active amines for example, chinine, ephedrine, or other
cinchona alkaloids[52].

e Rhone-Poulenc synthesized TDA-1 (tris(3,6-dioxahelptyl) amine), which is an effective PT
catalyst for solid-liquid reactions, stable under strongly basic situations, and at elevated
temperatures[53].

e Balakrishnan and Jayachandran[54] stated the application of a new multisite diammonium
dichloride as a PT catalyst for deposit of diochlorocarbene to styrene. Advantages of a
multisite catalyst includes higher catalytic activity for every gram of catalyst used_and a lesser
amount of contamination of products.

e The use of a new high-temperature PT catalyst, i.e., EtHexDMAP (N-alkyl salt of 4-
dialkylamino- pyridine) for polymer and monomer synthesis was specified by Brunelle in
1987 [55] . In 1987 Idoux and Gupton[56] reported the practice of polymer bound PT
catalysts through one PTC site on the polymer. Similarly, multisite PT catalysts may also be
produced from simple polyhalo substrates by their soluble non-polymeric methods.

e Shaffer and Kramer[57] reported a different grouping of PTC with inverse PTC (Section on
PTC in the Industry) for polymerization reactions named bimechanistic PTC, wherever an
ammonium salt was employed to enable transfer from the aqueous phase to the organic phase.

2.6. Choice of PT Catalyst:

There are two main necessities of a PT catalyst[58]:
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The PT agent should be cationic and must contain an adequate chemical structure to be capable for
splitting the nucleophilic anion in the organic phase. The cation-anion bonding must be low for
superior anionic reactivity.

Relevant factors in employing a PT catalyst are:

Stability beneath reaction conditions

Ease of formation or availability of catalyst
Ease of separation or recovery

Activity and

Toxicity

Although no definite guidelines are provided for the selection of Nobel catalysts for a given reaction

system,

analysis depending on some of the above-mentioned factors can suggest an appropriate

method to screen PT catalysts for a given system. We can compare at this various PT catalysts: crown
ethers and cryptands, quaternary onium salts, and PEGs in terms of cost, toxicity, and stability
regarding temperature and basic conditions.

2.7.APPLICATIONS OF PHASE TRANSFER CATALYSIS:

The applications of PTC are found in a variety of reactions as follows:

Volume 22, Issue 11, 2022

Usually, it shows a phenomenal role in green chemistry to lessen waste, use of less solvent,
faster and expedient approach.

In organic synthesis, generally the reagents form a heterogeneous nature in a reaction medium
and such reactions are catalyzed by PTC. Therefore, the PTC is broadly used industrially.

The varied application of PTC in aqueous system allows more boosted environment-friendly
green synthesis. Solvent free synthesis is also feasible via PTC[59].

One more advanced application of PTC is the asymmetric alkylation where the chiral
quaternary ammonium salt, which are derived from cinchona alkaloids are employed[60].
Similarly, the polyester polymer is prepared from bisphenol-A and acid chloride, the PTC
catalyzed pesticide production is popular typically through alkylation of phosphothioates.
Bisphenol A has been reacted under PTC conditions with a variety of electrophiles to prepare
polycarbonate, polyester, polyether, epoxyresin, polyethersulfone, and the polyetherimide
monomer (Fig.- 8)[61]. These reactions are good examples of nucleophilic displacement
(nucleophilic aromatic substitution, nucleophilic aliphatic substitution, and acylation) and
represent the largest volume of commercial PTC applications.

H Hy
CI—C -(H)=C—C -Cl
Polyethers
f Q
ci—¢-0-rR-o——ci
CH; Polycarbonates
HO—< >—(|34< >*OH — O, 0
CHs C C
Cl \C|
Polyesters
H2 /O\
CclI—C 'ﬁ_CHz

Epoxy resins

Fig. 8- Examples of polymerization catalysed by PTC
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e Polymers can be modified under PTC conditions. For example, glycidylazide polymer (solid
rocket fuel) can be made from polyepichlorohydrin and azide. Tributylamine serves as an in-
situ phase-transfer catalyst for the preparation of a poly (vinyl chloride) plasticizer.

e N-alkylation of nitrogen heterocycles: PTC is also the system of choice for N-alkylation of
nitrogen heterocycles such as pyrrole, indole, benzothiazine, imidazole, etc. Base-promoted
N-alkylation (Fig.- 9) is a significant step in the production of a wide variety of drugs. Also
N-Alkylation of pyrazoles with 4,6-dichloropyrimidines in the SLPTC mode using KOH as
base and Bu4NBr as the PT catalyst, a solvent is a key step in the preparation of antiulcer

agents[62].
@ NaOH / H,0 @
+ R-X
N N

\ QX ‘
H R
Fig. 9- N-alkylation of Nitrogen heterocycles

e Applications including the usage of a co-catalyst involving co-catalysis via surfactants,
alcohols, and further weak acids in hydroxide transfer reactions, the use of iodide, or reactions
brought out with dual PT catalysts have been also stated[63].

e Oxidation of toluene and its derivatives: PTC can also be useful in oxidizing toluene and
chlorotoluenes with oxygen (Fig.- 10). Substituted/unsubstituted toluene on oxidation with
cobalt chloride (CoCl,) and didecyldimethylammonium bromide at 135-160°C and 12-15 atm
in air gives substituted/unsubstituted benzoic acids[64].

CH; COOH

CoCl, / PTC / Air
B N
/_ X | /_ X

Fig. 10 — Oxidation of Toluene

e In nucleophilic substitution reactions and in reactions in the existence of bases including the
deprotonation of moderately and weakly acidic organic compounds[65].

e Halogen exchange reaction: p-Nitrophenetole is prepared by using p-nitrochlorobenzene via
the aromatic nucleophilic substitution reaction (Fig.- 11). In this reaction, a
dimethyldialkylammonium salt was employed as PT catalyst, in which the alkyl groups
contained a C;,-Cz moiety[66].

Cl OEt

PTC
+ EtOH + NaOH

NO, NO,
Fig. 11 — Synthesis of p-Nitrophenetole

e For some kinds of chemical reactions which are carried out in the presence of a PT catalyst in
biphasic systems; simple, cheap, and mild bases like NaOH and K»>CO; can be used as an
alternative to toxic alkali metal alkoxides, amides, and hydrides[67].

e It is also applicable in perfumery and fragrance industry like the synthesis of phenylacetic
acid, an intermediate in the perfumery industry[68].

e Production of dyes: An electrochemical two-phase process using a graphite electrode with
tetrabutylammonium salt as catalyst and dichromate as a regenerable oxidant has been
developed for the oxidation of anthracene to anthraquinone (Fig.- 12)[66].
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O
o0 — L0
O

Fig. 12- PTC for oxidation of anthracene to anthraquinone

PTC is also employed for the aromatic displacement reaction[69] of chlorine by sulfite in 1,4-
diamino-2,3-dichloroanthraquinone (Fig.-13) to give the corresponding disulfonic acid, which
is used as an important dye intermediate[70].

2

O NH O NH,
Co == ool
cl PTC SO;H

O NH, O NH,

Fig. 13- PTC catalysed sulfite displacement reaction

Production of agrochemicals: There are some reactions where PEGs as catalysts are more
advantageous to conventional quaternary ammonium salts, e.g., in Butachlor (herbicide)
synthesis (Fig.- 14) PEG has been reported to be superior to TEBACI[53].

C,H; o (0] Cl
H 2 C,H; >_/
Ngred 10-15°C N.

0 +  CICH,0Bu CH,OBu
2415

Fig. 14- Butachlor synthesis by using PTC

Another herbicide, Trichlopyr were prepared by the solid-liquid PTC reaction of the sodium
salt of trichloropyridinol with methyl chloroacetate (Fig.- 15)[66].

Cl - Cl TEBACI Sl
| + CICH,COOR |

17 N" oNa Methyl Toene O N ~OCH,CO0R
Sodium salt of richlopyr
3,5,6-trichloropyridinol chloroacetate (Herbicide)

Fig. 15- Synthesis of Trichlopyr

Aerobic oxidations in asymmetric synthesis: The chiral PTC represents the most frequently
exploited approach among the organocatalytic aerobic oxidation methods. Also as
organocatalytic methods are tolerant to both air and water, making them especially attractive
for various practical applications. Work of Sano group represent a recent example of
asymmetric hydroxylation of oxindoles in the immiscible solvent system (toluene/water)
mediated by chiral cinchonidine-derived PTC, furnished the corresponding 3- hydroxylated
oxindole product in upto quantitative yields and 67-93% enantioselctivities (Fig.- 16) [71].
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R
PTC, O, (air) HQ ,\R
; CLy-
N 50% aqg. KOH, toluene N
|
PMB II’MB
Substituted oxindole Substituted 3- hydroxy oxindole

R = allyl, propargyl, alkyl, etc.

Fig. 16- Asymmetric hydroxylation of oxindoles under PTC

3. CONCLUSION:

Waste minimization is the basis of green chemistry and PTC is one of the strategies to achieve the
goal of green chemistry. Since the past four decades, the popularity of PTC has been growing and
many significant reactions are executed as desired by employing PTC. Currently, more expanded
chemical compositions with ammonium, phosphonium, crown and non-ionic PTC are advanced and
available commercially that allows us to pick the specificity to the particular reaction nature.
Therefore, we expect that this concise review will disseminate information regarding PTC with the
most frequently used/ available PTC reagents in one place.

LIST OF ABBREVIATIONS:

EPA: Environmental Protection Agency
[TMA(OH)]: Tetramethyl ammonium hydroxide
HCI: Hydrochloric acid

DMC: Dimethyl carbonate

PERC: Per-chloroethylene

PTC: Phase Transfer Catalysis

PT Catalyst: Phase Transfer Catalysts

LLPTC: Liquid-liquid phase transfer catalysis
GLPTC: Gas-liquid phase transfer catalysis
SLPTC: Solid-liquid phase transfer catalysis
TDA-1: Tris(3,6-dioxaheptyl) amine

CO: Carbon monoxide

NaOH: Sodium hydroxide

PEG: Polyethylene glycol

EtHexDMAP: N-alkyl salt of 4-dialkylamino- pyridine
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KOH: Potassium hydroxide

K>COs. Potassium carbonate

CoCl,; Cobalt chloride

TEBACT: Tri ethyl benzyl ammonium chloride
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