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ABSTRACT

This comprehensive review explores the recent strides made in the field of green chemistry, focusing on the utilization of
microwave (MW) irradiation for the synthesis of poly-heterocyclic compounds in aqueous media. The adoption of environmentally
benign protocols involving greener alternatives has led to significant reductions in chemical waste and reaction time. The
review highlights various methodologies, such as the MW-assisted synthesis of nitrogen-containing heterocydles, cyclic ureas,
triazoles, dihydropyrimidinones, oxygen heterocycles, tetrahydropyrans, and heterocyclic hydrazones. The synthesis of diverse
heterocyclic structures is accomplished through innovative strategies, including N-alkylation, direct Grignard-type addition, and
three-component condensation reactions. The review emphasizes the advantages of these approaches, such as shorter reaction
times, higher product yields, and the elimination of hazardous organic solvents. Additionally, the use of recyclable catalysts, such
as montmorillonite K10 clay and nano-sized magnesium oxide, contributes to the eco-friendly nature of the methodologies. The
incorporation of green synthesis principles, including water-mediated conditions and catalyst recyclability, reflects a commitment
to sustainable and efficient synthetic practices. This review provides valuable insights into the ongoing efforts to minimize the
environmental footprint of chemical synthesis while advancing the field of heterocyclic compound synthesis.

Keywords: Green chemistry; Microwave-Assisted synthesis; Poly-Heterocyclic compounds; Aqueous media; Sustainable
synthesis.

1. Introduction This review comprehensively explores the recent progress in
green chemistry, specifically highlighting the application of MW
irradiation in the synthesis of diverse heterocyclic structures. The
adoption of eco-friendly protocols utilizing greener alternatives
has not only reduced chemical waste but has also led to notable
reductions in reaction times’*. Various methodologies, including
N-alkylation, direct Grignard-type addition, tandem bis-aldol

In recent years, the field of green chemistry has witmessed
significant advancements, with a particular emphasis
on sustainable and environmentally friendly synthetic
methodologies'”. Among these, microwave (MW)-assisted
synthesis has emerged as a powerful tool for the efficient
production of poly-heterocyclic compounds in aqueous media“~.




Eletmany MR. et al.,

reactions, and three-component condensation reactions, are

discussed in the context of MW-assisted synthesis.

The review encompasses the MW-assisted synthesis of
nitrogen-containing heterocycles, cyclic wureas, triazoles,
dihydropyrimidinones, oxygen heterocycles, tetrahydropyrans,
and heterocyclic hydrazones’. Each section outlines innovative
strategies and mechanisms involved in achieving these syntheses.
The incorporation of environmentally conscious principles,
such as the use of recyclable catalysts (e.g., montmorillonite
K10 clay and nano-sized magnesium oxide), highlights the
commitment to sustainable synthetic practices. In addition, the
synthesis of biologically active compounds, including isoflav-
3-enes, 2-aroylbenzo[b]furans, and 1,3-thiazoles, is presented
as a testament to the potential impact on pharmaceutical and
fine chemical applications. The discussion emphasizes the
advantages of MW-assisted synthesis, including shorter reaction
times, higher product yields, and the elimination of hazardous
organic solvents. The incorporation of water-mediated conditions
and catalyst recyclability further aligns with the principles of
green chemistry, making these methodologies not only efficient
but also environmentally benign. This review offers valuable
insights into the ongoing efforts to minimize the environmental
footprint of chemical synthesis while advancing the synthesis of
poly-heterocyclic compounds.

Synthesis of Polyheterocyclic in Water Mediated
Condition.

Under the influence of metal ions (MWs), the synthesis
of nitrogen-containing heterocycles, including substituted
azetidines, pyrrolidines, piperidines, azepines, N-substituted
2,3-dihydro-1H-isoindoles,4,5-dihydropyrazoles, pyrazolidines,
and 1,2-dihydrophthalazines, has been achieved in a basic
aqueous medium. The reactions take place via double
N-alkylation of primary amines and hydrazine derivatives
with easily accessible alkyl dihalides (or ditosylates), which
facilitates easy access to significant classes of building blocks
in natural product and pharmaceutical synthesis (Figure 1)*°.
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Figure 1: Heterocycles containing nitrogen in aqueous solutions
exposed to microwave radiation.

The condensation of hydrazine, hydrazide, and diamines
with diketones and f-keto esters has resulted in the synthesis of
several nitrogen heterocycles, as shown in Figure 2°.

The CuBr-catalyzed Grignard-type addition of alkynes to
imines, which are formed in situ from aldehydes and amines,
offers a fast and solvent-free method for synthesizing substituted
N-heterocycles, specifically propargylamines, with high yields
(Figure 3)'0-12,

2
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Figure 2: Assembling nitrogen heterocycles in water is catalyzed
by Polystyrenesulfonic acid (PSSA).
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Figure 3: A method for synthesizing propargylamines through
a solvent-free approach, catalyzed by CuBr and utilizing
microwave irradiation.

The N-alkylation of nitrogen heterocycles has been
successfully conducted in aqueous conditions with microwave
irradiation (Figure 4)'"-"*. The use of this approach offers greener
advantages such as shorter reaction times and increased product
yields compared to traditional chemical synthesis methods.
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Figure 4: N-alkylation in water utilizing microwave irradiation
catalyzed by NaOH.

Cyclic ureas, exemplified by imidazolidine-2-one, have
recently garnered significant attention for their manifold
applications as intermediates in the synthesis of biologically
active compounds, including HIV protease inhibitors such as
DMP 323 and DMP 450, as well as in the production of fine
chemicals, pharmaceuticals, cosmetics, and pesticides'*>. A
microwave-assisted procedure has been devised for the direct
synthesis of these cyclic ureas, demonstrating expedited reaction
kinetics in the presence of ZnO (Figure 5). The application
of microwave irradiation not only accelerated the reaction,
leading to a reduction in reaction time, but also resulted in the
elimination of byproduct formation compared to conventional
heating methods'®!".
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Figure 5: Synthesis of imidazolidine-2-one using ZnO as a
catalyst and microwave irradiation.
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Triazoles represent a significant category of nitrogen
heterocycles, with the 1,2,4-triazole nucleus being particularly
crucial in the development of therapeutically relevant compounds
exhibiting notable antibacterial, central nervous system (CNS)
stimulative, sedative, antifungal, and anti-tumor activities'®".
Consequently, the synthesis of this heterocyclic nucleus has
gained prominence in organic synthesis. A solvent-free and rapid
method for synthesizing 1-aryl-4-methyl-1,2,4-triazolo[4,3-a]
quinoxalines has been established, involving the straightforward
mixing of a relatively mild non-metallic oxidant, iodobenzene
diacetate [PhI(OAc)Z] (Figure 6)*°2'.

N
PhI(OAc)z X
N/ neat N \ N
) A)zs\

Figure 6: Synthesis of triazoles using PhI(OAc), as a catalyst in
the absence of a solvent.

The nitrogen heterocycles with imidazo[1,2-a] annulation,
featuring pyridine, pyrazine, and pyrimidine moieties, represent
a class of biologically active compounds known for their potency
as anti-inflammatory agents, antibacterial agents, inhibitors of
gastric acid secretion, and calcium channel blockers®**. A swift
one-pot microwave synthesis for these imidazo[1,2-a] annulated
pyridines, pyrazines, and pyrimidines has been devised (Figure
7), conducted in the presence of recyclable montmorillonite K10
clay under solvent-free conditions**¢.
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Figure 7: Synthesis of nitrogen heterocycles through the use of
clay as a catalyst in a solvent-free environment.

The synthesis of multisubstituted imidazo [1,2-a] pyridines,
imidazo [1,2-a] pyrazines, and imidazo [l,2-a] pyrimidines
has been demonstrated through the condensation of aldehydes,
amines, and isocyanides using microwave irradiation, providing
a rapid and solventless method. This process is adaptable for the
parallel assembly of a compound library. Moreover, the use of
inexpensive clay and its recyclability make this procedure both
economical and environmentally friendly.

Dihydropyrimidinones, a significant class of organic
compounds with notable biological activity, were synthesized
through an environmentally benign aqueous Biginelli protocol
using polystyrenesulfonic acid (PSSA) as a catalyst (Figure 8)*”

, or under solvent-free conditions***.
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Figure 8: The Biginelli reaction conducted in an aqueous
medium.
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The microwave (MW) protocol is conducted efficiently
in water, eliminating the need for any organic solvent.
Additionally, the utilization of polymer-supported, low-toxicity,
and cost-effective polystyrenesulfonic acid (PSSA) as a catalyst
contributes to the eco-friendliness of this method. The isolation
process is straightforward, involving the filtration of the
precipitated products.

Oxygen heterocycles represent essential building blocks
in organic synthesis, and derivatives of these compounds have
garnered considerable attention from medicinal chemists.
Isoflav-3-enes with a 2H-1-benzopyran nucleus constitute a
crucial class of chromene intermediates, pivotal in the synthesis
of various natural products and medicinal agents, including
potassium-channel activating drugs. The fundamental structural
framework of these isoflav-3-enes is a common feature in many
tannins and polyphenols present in fruits, vegetables, teas,
and red wines, renowned for their health-promoting effects. A
solvent-free synthesis of unnatural analogs, 2-aminosubstituted
isoflav-3-enes, has been developed. This one-pot process
utilizes microwaves for the in-situ generation of enamines and
their subsequent reactions with salicylaldehydes (Figure 9).
This environmentally friendly approach eliminates the need for
azeotropic removal of water using large excesses of aromatic
hydrocarbon solvents for enamine generation or catalyst
activation®-.
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Figure 9: Synthesis of isoflav-3-enes using a solvent-free
one-pot method.

O Q

The 2-aroylbenzo[b]furans, first identified in the flower-heads
of Helichrysum arenarium DC, constitute a class of naturally
occurring compounds with diverse pharmacological activities.
An efficient and solvent-free synthesis of 2-aroylbenzo[b]furans
has been devised using easily obtainable o-tosyloxyketones
and mineral oxides, with the reaction facilitated by exposure to
microwaves (Figure 10)**%,

1
R, R,
R, CHO  xF ALO,
: ——
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o &
OTs \.
3 2e 3

Figure 10: Microwave-assisted expedited production of
2-aroylbenzo[b]furans.

Dioxane rings serve as prevalent structural features in various
bioactive molecules, including (+)-dactylolide (a cytotoxic
agent), derivatives of 2-substituted-1,3-dioxanes (antimuscarinic
agents), and (+)-SCH 351448 (a novel activator of low-density
lipoprotein receptor promoters). Diverse, natural product-like
1,3-dioxane libraries have yielded a range of biologically active
compounds. Notably, 1,3-dioxane derivatives have recently
emerged as effective modulators for multi-drug resistance**4!.
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While dioxanes show promising potential as drug candidates,
the synthetic protocol for this crucial molecule has remained
relatively unexplored. We have introduced an innovative tandem
bis-aldol reaction involving ketones and paraformaldehyde in
aqueous media, catalyzed by PSSA under microwave irradiation
conditions, to generate 1,3-dioxanes (Figure 11)>-°.

o o

PSSA/H,0 O \(L
—_—
120°C, MW 0 .

Figure 11: The synthesis of 1,3-dioxanes in aqueous
environments is achieved using a one-pot reaction catalyzed by
PSSA.
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Various ketones efficiently underwent reaction with
paraformaldehyde in water, yielding the desired 1,3-dioxanes
in good yield. This method provides a convenient and flexible
approach to attaching functional groups to indanone and
flavanone for further elaboration in synthetic design. It is
worth noting that these reactions exhibit efficacy in an aqueous
medium without the need for any phase-transfer catalyst (PTC).
This phenomenon may be attributed to the selective absorption
of microwaves by reactants, intermediates, and the polar
aqueous medium, accelerating the reaction even in the absence
of a PTC*%.

The PSSA-catalyzed tandem bis-aldol reaction of ketones
with paraformaldehyde in water is presumed to follow the
mechanism (Figure 12)%.
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Figure 12. Mechanism of PSSA-catalyzed bis-aldol reaction.

The reaction involves the addition of protonated
formaldehyde, generated through microwave exposure of
paraformaldehyde with PSSA/water, to the ketone (enol),
resulting in the formation of B-hydroxy ketone I. Subsequently,
another protonated formaldehyde molecule is added to I,
producing diol II. Diol II then reacts with a third formaldehyde
molecule to form adduct II1, which, after dehydration, yields the
final product, 1,3-dioxane IV.

Tetrahydropyrans are common subunits in various natural
products, including carbohydrates, polyether antibiotics,
and marine toxins. The direct stereoselective formation of
tetrahydropyranol derivatives in an ionic liquid was achieved
by utilizing a simple homoallyl alcohol and an aldehyde in the
presence of a catalytic amount of cerium triflate (Figure 13)*.

The microwave-assisted reaction of 2’-hydroxychalcones
in the presence of 1,5-diazabicyclo [5.4.0] undec-7-ene (DBU)
led to the formation of previously undiscovered dimers through
conjugate addition of the intermediate cyclic ketone to the initial
enone (Figure 14)%,
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(>)k /\/\
Figure 13. Synthesis of tetrahydropyranol in an ionic liquid
using Ce (OTf),.H,O as a catalyst.
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Figure 14: MW-assisted
2’-hydroxychalcones.

formation of dimers of

The alkaloids found in the leaves of Lunasia amara and
Galipea longiflora, belonging to the Rutaceae family, constitute
a valuable reservoir with an alkoxylated 2-arylquinoline nucleus.
Specifically, the 4-alkoxy-2-arylquinoline derivatives have
garnered interest due to their noteworthy biological activity.
Accessible 2-aryl-1,2,3 4-tetrahydro-4-quinolones can be readily
oxidized to their corresponding 4-alkoxy-2-arylquinolines using
a relatively safe hypervalent iodine reagent, hydroxy (tosyloxy)
iodo] benzene (HTIB), achieving high yields. This offers a
concise pathway to a significant class of naturally occurring
alkaloids (Figure 15)*3¢,

OR

HTIB, CH(OR)z

HCLo4 N

43

Figure 15: of 4-alkoxy-2-

arylquinolines.

HTIB-catalyzed synthesis

In an environmentally friendly approach, a nano-sized
MgO-catalyzed three-component condensation reaction

involving aldehyde, malononitrile, and a-naphthol rapidly
occurred in a water-polyethylene glycol (PEG) mixture,
yielding the respective 2-amino-2-chromenes in high yields
at room temperature (Figure 16). This eco-friendly protocol
demonstrated broad applicability, and the catalyst exhibited

50-. <3

consistent activity upon reuse in subsequent reactions’
OH

O« CC

24b 44 45

MgO
_—

Water-PEG

Figure 16. The production of 2-amino-2-chromenes is catalyzed
by MgO.
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For the first time, nano-sized magnesium oxide has been
utilized as a novel and efficient catalyst in the environmentally
friendly synthesis of various substituted 2-amino-2-chromenes
through a three-component condensation approach. This method
boasts several appealing features, including a straightforward
experimental procedure, the use of benign reaction solvents,
cost-effectiveness, recyclability of catalysts, and adaptability for
synthesizing a diverse set of 2-amino-2-chromenes.

One particularly promising avenue in this field involves the
coupling reaction of carbon dioxide (CO,) with epoxides to
produce five-membered cyclic carbonates. These compounds
find applications in various fields, serving as precursors for
polymeric materials like polyurethanes and polycarbonates,
acting as aprotic polar solvents in different chemical processes,
and serving as intermediates in the production of pharmaceutical
and fine chemicals. The reaction of CO, with various epoxides
has been investigated in the presence of catalytic amounts of
various ionic liquids (ILs), with tetrahaloindate (IIT)-based ILs
demonstrating the highest catalytic activities for the synthesis of
cyclic carbonates (Figure 17)*36,

o
0 (QHInXsY] 0)1\0
/ \ + CO,
R Q= imidazolium, phosphonium,
ammonium, pyridinum \R
47 48

Figure 17: Synthesis of cyclic carbonates using IL-catalysis with
Tetrahaloindate(I1I) as the catalyst.

Sulfur  heterocycles represent crucial classes in
pharmaceuticals and organic synthesis, known for possessing
significant biological properties that have consistently captured
the attention of medicinal chemists.

Given their cyclooxygenase-inhibitory activity, thiazoles
have therapeutic applications as thromboembolic agents and
are notably important as integral structural components of
vitamin B1 and coenzyme carboxylase. The related bridgehead
heterocyclic  compounds, 3-aryl-5,6-dihydroimidazo[2,1-b]
[1,3] thiazoles, exhibit a broad spectrum of anthelmintic and
fungicidal activity. Typically, the synthesis of these heterocyclic
compounds involves the use of lachrymatory starting materials,
phenacyl halides, and hazardous reagents, requiring longer
reaction times under harsh conditions and often resulting in the
generation of aqueous or organic solvent waste.

The 1,3-thiazoles were efficiently obtained from thioamides
and a-tosyloxyketones, catalyzed by montmorillonite K10 clay,
resulting in excellent yields that are challenging to achieve under
classical heating conditions (Figure 18)®.

R

R
R,
K-10 Clay
+ NHy —m»
MW / N
on s>\©\R
2
32 49 50

Figure 18: Microwave-assisted synthesis of 1,3-thiazoles
without the use of solvents.

The general procedure can be applied for the efficient
preparation of bridgehead 3-aryl-5,6-dihydroimidazo[2,1-b]
[1,3]thiazoles, a task typically challenging and requiring
extended heating times, involving the use of a-haloketones or
a-tosyloxyketones under strongly acidic conditions. The current
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solventless reaction conditions for these bridgehead heterocycles
simplify the process to the mere mixing of a-tosyloxyketones
with thioamides in the presence of montmorillonite K10 clay.
Subsequently, the mixture is subjected to microwave irradiation
for 3 minutes, resulting in the formation of substituted bridgehead
thiazoles (Figure 19).

R, R,
\ K-10 Clay
+ H H —— »
r ™ i
OTs / —
S
32 51 52

Figure 19. Synthesis of bridgehead-thiazoles using microwave-
assisted solvent-free conditions.

1,3,4-Oxadiazoles and 1,3,4-thiadiazoles exhibit diverse
pharmaceutical and biological activities, encompassing
antimicrobial,antifungal, anti-inflammatory,andantihypertensive
properties. The extensive use of 1,3,4-oxadiazoles as a
foundational structure in medicinal chemistry underscores their
significance as an important structural class. These molecules are
employed as pharmacophores due to their favorable metabolic
profiles and their capability to participate in hydrogen bonding.
Notably, commercially available antihypertensive agents like
tiodazosin and nesapidil, as well as antibiotics like furamizole,
feature the oxadiazole nucleus. Additionally, these compounds
serve as HIV integrase inhibitors and angiogenesis inhibitors®’’.
Apioneering one-pot, solvent-free synthesis of 1,3,4-oxadiazoles
and 1,3,4-thiadiazoles has recently been developed, involving
the condensation of acid hydrazide and triethyl orthoalkanates
under microwave irradiation (Figure 20)®.
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. 0
55 R,

(0] 1 56 N~
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NHNH, + N
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R 53 54
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Ry=H, F, OMe, 2-furyl, 2-thienyl, 4-pyridyl P,S,/ALO; S
R,=H, Et, Ph p p?,,Rz
58

Figure 20. A solvent-free synthesis of 1,3,4-oxadiazoles and
1,3,4-thiadiazoles using a one-pot method.

The utilization of solid-supported, relatively low-toxic,
and cost-effective Nafion® NR50, along with P,S /AL O, as
a catalyst, combined with solvent-free reaction conditions,
highlights the eco-friendly characteristics of this synthetic
protocol. These features make it potentially valuable for

applications in drug discovery.

Heterocyclic hydrazones represent a significant class of
compounds in organic chemistry, and more recently, they have
demonstrated utility as antimalarial drugs and inhibitors of
macrophage migration inhibitory factor (MIF) and tautomerase
activity®®>, An environmentally friendly aqueous protocol
has been established for the synthesis of these heterocyclic
hydrazones using PSSA as a catalyst (Figure 21). The
uncomplicated reaction proceeds efficiently in water without the
need for any organic solvent under microwave irradiation, with
basic filtration serving as the product isolation step®’-°.
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NHNH,
O PSSA/H,0
R ]

6 100°C, MW
R=H, Me, Cl

Figure 21: Hydrazone synthesis of furaldehyde and flavanone
in water.

Varma et al. showcased the sole instance of a reaction between
two solids in an environment devoid of solvents and catalysts.
This unique demonstration involved the reaction of neat 5- or
8-oxobenzopyran-2(1H)-ones with a range of aromatic and
heteroaromatic hydrazines, leading to swift access to numerous
synthetically valuable heterocyclic hydrazones (Figure 22)%63-6¢

RINHNHZ
NHCOPh
62

" NHR,

NHCOPh

(o)
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—_—
MW
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63

Figure 22: Synthesis of heterocyclic hydrazones in the absence
of solvents.

A highly efficient and environmentally friendly condensation
process involving 1,2-diketones and 1,2-diamines was conducted
in an aqueous medium with the presence of tetraecthylammonium
bromate. This method is characterized by its short reaction time,
environmentally benign conditions, straightforward workup,
and high yield, making it noteworthy for the synthesis of

quinoxalines (Figure 23)%7%.
R NH, o
- X ﬁ T
NH,
66
Figure 23. Quinoxaline derivatives are synthesized in an

R=H, C|, Me
aqueous media.

Et,NBrO,

H,0, RT, Stirring

R;= Ph, 4-MePh, 2-furyl

Excellent yields and selectivity in the synthesis of
substituted 2-amino-2-chromenes (5a-d) were achieved through
a straightforward process involving the mixing of malononitrile
(2), a-naphthol (4), and aromatic aldehydes (1) in water, catalyzed
by Expanded Perlite—a green heterogeneous catalyst (Figure
24). The catalyst’s high reactivity and selectivity, combined
with its user-friendly nature and minimal environmental impact,
position it as an appealing alternative to homogeneous basic
reagents’’’%,

In a recent development, coumarin derivatives (69a-c) with
high efficiency and yields were successfully synthesized. This

Int J Cur Res Sci Eng Tech | Vol: 7 & Iss: 1

was achieved through the condensation of 5-methoxy-2-hydroxy
benzaldehyde (24) with derivatives of ethyl acetate (68a-c),
utilizing a commercially available, environmentally benign, and
non-toxic dihydrogen phosphate as a catalyst”.

OH
CN .
Expended Perlice
RCHO + +
Reflux / Water
N
24 4 45 46a-d

a, R=C¢H;

b, R=4-MeOC¢H,
¢, R=4-CICH,
d, R=3-NO,C;H,

Figure 24: Catalysis of substituted 2-amino-2-chromenes
synthesis using Expanded Perlite

R CHO R R
! R Piperidine N
+ _—
R OH COOMe Ry 0 0
R; Ry
24 68 (1]
Compound | R, R, R, R,
69a NO, |H H COMe
69b NO, |H H COOMe
69¢ NO, |H H CN

Figure 25: Synthesis of derivative of coumarin using
Piperidine & Potassium dihydrogen phosphate as catalyst.
Where R, R, R, and R, are different substituents used.

An environmentally friendly and cost-effective method has
been employed for the synthesis of 2,3-diphenyl quinoxaline.
This involves the reaction of benzyl with o-phenylenediamine
using p-TSA as a catalyst and water or ethanol as a solvent. The
current synthesis aligns with the principles of green chemistry,
offering greater convenience with reactions yielding higher
percentages (94-97%) in shorter reaction times (8 mins - 20
mins) and milder conditions. Importantly, this method avoids
the generation of pollution and enhances safety for the analyst
(Figure 26)™.

N, O
p TSA
H,0/Ethanol
Ny, 9
65 66

0-Phenylenediamine Benzil 2,3-diphenylquinoxaline
Figure 26: The synthesis of 2,3-diphenyl quinoxaline is
achieved by a green method, utilizing p-TSA as a catalyst and

either water or ethanol as a solvent.

In a more recent development, a green reaction utilizing
water was employed for the synthesis of benzimidazoles (70a-
h). This involved the reaction of aromatic aldehyde (24) with
o-phenylenediamine (65), with boric acid serving as a catalyst
at room temperature. The process resulted in the production of
benzimidazoles in good yields, aligning with principles of short
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reaction times, low cost, and high reaction yields in organic
synthesis (Figure 27, Table 1).

NH, N
H;B0y/H,0
+ Ar-cHO 77 \>_ Ar
NH; N
H
63 M 70

Figure 27: Green synthesis of benzimidazoles using water as a

mediator
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Described herein is a straightforward one-pot, water-
mediated synthetic approach for the production of 2-(substituted
phenyl) phthalazin-1(2H)-ones (72). This method involves
the reaction of phthalaldehydic acid (71), substituted phenyl
hydrazine (6a-j), and oxalic acid as the catalyst. The notable
advantages of this proposed method include its simplicity, short
reaction time, uncomplicated work-up, cost-effective catalyst,
and the attainment of good yields (Figure 28)*%.

Table 1: Different substituents used in the synthesis of benzimidazoles™.

Entry Diamine Aldehyde Name of product Time (min) | Yield (%) Melting point (°C)
70a NH, CHO O,N 25 90 248-250
: : : N
NH2 : : u
70b NH, CHO NO, 35 88 210-212
[ I N :(
NH, NO, Y
70c NH, CHO N 55 85 285-287
NH, H
1
70d NH, CHO Cl 45 65 241-243
[ I N :(
NH, al -
70e NH, CHO HO 70 92 237-240
NH, W
70f NH, CHO Cl 35 86 224-227
Cl N
N\ a
NH,
I H
70g NH, CHO N 70 88 278-280
NH, "
H
70h NH, CHO N Me |80 87 203-206
C[ W
NH, W
M Me
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NHNH, /O X
Oxalic acid, H,0
Reflux, 20-30 min . ‘
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Figure 28: A one-pot water-mediated synthesis method
is proposed for the manufacture of 2-(substituted phenyl)
phthalazin-1(2H)-ones.

Conclusion

In conclusion, the review underscores the remarkable
progress achieved in the field of green chemistry, specifically
in the microwave-assisted synthesis of poly-heterocyclic
compounds in aqueous media. The adoption of environmentally
friendly protocols, featuring microwave irradiation, has
not only reduced chemical waste but has also significantly
shortened reaction times. The diverse methodologies discussed
in the review, including the synthesis of nitrogen-containing
heterocycles, cyclic ureas, triazoles, dihydropyrimidinones,
oxygen heterocycles, tetrahydropyrans, and heterocyclic
hydrazones, showcase the versatility and efficiency of these
green approaches. The incorporation of innovative strategies
such as N-alkylation, direct Grignard-type addition, tandem
bis-aldol reactions, and three-component condensation
reactions has led to the synthesis of a wide array of heterocyclic
structures. Noteworthy advantages, such as shorter reaction
times, higher product yields, and the elimination of hazardous
organic solvents, demonstrate the potential of these green
methodologies in advancing sustainable synthetic practices.
The use of recyclable catalysts, such as montmorillonite K10
clay and nano-sized magnesium oxide, further contributes to the
eco-friendly nature of the discussed methodologies. The review
emphasizes the significance of these green synthetic approaches
in the production of biologically active compounds, illustrating
their potential impact on pharmaceutical and fine chemical
applications. In summary, the ongoing efforts to minimize the
environmental footprint of chemical synthesis by embracing
green synthesis principles, including water-mediated conditions
and catalyst recyclability, reflect a commendable commitment to
sustainable and efficient synthetic practices. The comprehensive
insights provided in this review contribute significantly to the
collective knowledge aimed at advancing the field of heterocyclic
compound synthesis while aligning with the principles of green
chemistry.
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