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Abstract- Since heterocyclic compounds are crucial in the discovery and development of new drugs, great
efforts have been made to create practical and environmentally friendly methods for their high yielding
production. This chapter focuses solely on the solvent-free synthetic methodologies used for the production of
heterocyclic skeletons of potential pharmacological importance due to the significant negative effects of toxic
organic solvents on health, the environment, safety, and overall product cost. In order to make bioactive
heterocyclic molecules and commercially available pharmaceuticals, it mostly entails the synthesis of
heterocycles that include nitrogen and oxygen.
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INTRODUCTION:

Heterocycles are carbocyclic compounds that have heteroatoms like oxygen, sulphur, and nitrogen in place of
one or more carbon atoms in the ring. Because of its numerous uses in the disciplines of pharmaceutical chemistry,
material chemistry, photochemistry, agrochemicals, dyes, and so forth, heterocycles are studied extensively in
chemistry. Chemical abstracts include information on over 24 million organic compounds with heterocyclic systems
recorded.™ In order to cure and treat every illness, researchers worked very hard to build new pharmaceuticals, either
by investigating the lead compounds that are already on the market or by identifying a new biological target. The fact
that many heterocyclic moieties make up the fundamental structures of medications used in clinical settings highlights
the significance of heterocycles in the synthesis of new, pharmacologically active substances.[? Saturated and
unsaturated are the two main classifications for heterocyclic compounds. Saturated heterocyclic molecules exhibit
changed steric characteristics, akin to their acyclic derivatives. The typical amines and ethers in this class include
piperidine and tetrehydrofuran. Nonetheless, due to their unrestricted nature, unsaturated heterocyclic compounds
with five and six members have been thoroughly investigated. Unstrained unsaturated heterocyclic compounds consist
of furan, pyrrole, thiophene, pyridine, and its derivatives that have been fused with benzo. Benzofuran,
Benzothiophene, Indole, Isoquinoline, and Quinoline are a few notable examples of benzo fused heterocycles.
Heterocyclic compounds find extensive use in veterinary, agricultural, and medicinal goods.! Thus far, we have
examined aromatic compounds, or carbocyclic compounds, whose rings are made entirely of carbon atoms. Numerous
compounds have been identified in which the ring system contains a heteroatom (atom other than carbon), with O, N,
and S being the most prevalent. We refer to these as heterocyclic substances. Since the valency angles of these are
almost exactly the same as those of carbon, the addition of heteroatoms to the ring has no discernible effect on the
strain relationships. Therefore, the most stable heterocyclic molecules are those with five or six members. [
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The main structural components of many different natural products and pharmaceutical drugs are pyridazines,
pyrimidines, pyrazines, and their benzo derivatives, phthalazines, cinnolines, quinazolines, Acridine, quinoxalines,
and phenazines. These compounds have demonstrated a wide range of biological activities, including antibacterial,
anticancer, antifungal, antiviral, antitubercular, antihypertensive, anti-inflammatory, antimalarial, antitumor,
antiparasitic, and anti-ulcer properties. This review includes publications from 2012 that discuss the chemistry and
synthesis of these diazines and their benzo derivatives. A number of patent applications were submitted; however,
since they are outside the purview of this study, they will not be addressed further here.F!

Pyrrole
Fig2: Structure of pyrrole

1) PYRROLE:

. IUPAC Name — 1H-Pyrrole
=  Molecular formula — C4H5N
=  Molecular weight - 67.09 g/mol

Pyrrole (1H-pyrrole, azole) is a biochemically significant five-member heterocyclic compound that is present in many
alkaloid structures, hem, and chlorophyll. Its high electroconductivity polymer (poly-pyrrole) makes it useful in
electric and electronic applications as well. It is possible to separate pyrrole from bone oil or coal tar. It can also be
obtained by reducing succinimide with zinc acetic acid. However, due to the low content in the raw material or the
low selectivity reaction with numerous byproducts, these methods are not recognized as industrial manufacturing
methods. Pyrrole is produced industrially using two different techniques.® Pyrrole and its simple alkyl derivatives are
found in coal tar and obtained by fractional distillation. Its vapours cause a red coloration of a pine splinter moistened
with hydrochloric acid.it is colourless liquid, bp 131°C, but turns brown gradually in air.[”
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Derivatives of pyrrole:
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Fig4-Derivatives profile of pyrroles

A) Anticancer agent-

In the world, cancer is the second leading cause of death after cardiovascular diseases and is predicted to become the
leading cause of death in the years to come. It is a disease or undesired growth of cells that has a profound effect on
people's health.®®! The two main drawbacks of current anti-tumour chemotherapy are its detrimental side effects and
the conventional chemotherapeutic agents' lack of selectivity for cancerous tissues. Anti-proliferative, anti-mitotic,
intercalating, and cytotoxic agents are all included in the broad class of anti-cancer agents.
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Fig3-Synthesis of 6,7-bis(hydroxymethyl)-1H,3H-pyrrolo[1,2-c] thiazole
derivatives as anticancer agent
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The synthesis of 6,7-bis(hydroxymethyl)-1H,3H-pyrrolo[1,2-c] thiazole derivatives has been investigated in this
report as a potential anticancer agent against triple negative breast cancer. The in vitro cytotoxicity of these

compounds was tested on multiple human breast cancer cell lines, including MCF7, HCC1954, and HCC1806. When
hydroxyl substituents are present, the anticancer activity is increased. Fig3 [*!
B) Anti-malarial agent —

A different genus of Plasmodium is the cause of malaria, a parasitic infection spread by female Anopheles mosquitoes.
Every year, it affects about 200 million people and causes about 650,000 deaths. After an infected mosquito bites the
host, Plasmodium sporozoites are released into the body, infecting hepatocytes and multiplying to create thousands of
liver stage parasites. When the liver stage parasites are discharged into the bloodstream, they infect erythrocytes and
cause malaria symptoms.®!

C) Antimicrobial agent-

The synthetic compounds' antimicrobial activity was assessed against Gram-positive (Staphylococcus aureus, ATCC
29213, Bacillus subtilis, ATCC 6633), Gram-negative (Escherichia coli, ATCC 25922, Pseudomonas aeruginosa,
ATCC 278533), and Gram-negative (Candida albicans, ATCC 10231) bacteria and fungus. The compounds were
compared to some control drugs, namely amoxicillin (Bioanalyse, Turkey) and fluconazole (Sigma-Aldrich, USA).
Every microorganism utilized was procured from the Department of Microbiology and Immunology's culture
collection at the Faculty of Pharmacy, Helwan University, Cairo, Egypt. The microorganisms underwent at least two
passages to guarantee their viability and purity.:

> Method of preparation:
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Fig5-An overview of conventional methods for the synthesis of pyrrole.

A) The paal-Knorr Synthesis:
This method involves heating of an ionizable 1,4-diketone with ammonia or a primary amine. Pyrrole itself is formed
from Succinaldehyde and ammonia while 2,5-dimethaylpyrrole is obtained from acetonylacetone and ammonia. Fig
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Fig6- synthesis of paal-Knorr

B) Synthesis of 3,4-diaryl-1H-pyrrole:

Natural substances that cause significant biological reactions, such as lamellarins, lukianols, nongrains, tropicamides,
and their congeners, commonly contain 3,4-Diaryl-1H-pyrrole moieties. Due to their biological properties, 3,4-diaryl-
1H-pyrrole derivatives are now widely used as synthetic targets. Various techniques have been developed to
synthesize these heterocycle derivatives.[*!
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Fig 7: synthesis of 3.4-diaryl-1H-pyrroles

A number of years ago, compounds 180a—d Were prepared in 45, 57, 41, and 2.5% overall yield by reacting
sodium methoxide with dimethyl N-acetyl iminodiacetate and benzyls 177a—d. The resulting pyrrole dicarboxylic acid
esters 179a—d Were then hydrolysed and decarboxylated. *4

> Reaction and reactivity of pyrrole:

Pyrrole's aromatic nature makes it hard to hydrogenate, difficult to react as a diene in Diels-Alder reactions, and
resistant to typical olefin reactions. Its reactivity is easy to alkylate and acylate, much like that of benzene and aniline.
Because pyrroles polymerize readily in acidic environments, many electrophilic reagents used in benzene chemistry
are ineffective when applied to pyrroles. In contrast, a variety of transformations have made use of substituted
pyrroles, including protected pyrroles.!*?

A) Reaction of pyrrole with electrophiles:

Pyrroles typically react with electrophiles at the a position (C2 or C5) because the protonated intermediate has the

highest degree of stability.
— @ @
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The synthetic compounds' antimicrobial activity was assessed against Gram-positive (Staphylococcus aureus, ATCC
29213, Bacillus subtilis, ATCC 6633), Gram-negative (Escherichia coli, ATCC 25922, Pseudomonas aeruginosa,
ATCC 278533), and Gram-negative (Candida albicans, ATCC 10231) bacteria and fungus. The compounds were
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compared to some control drugs, namely amoxicillin (Bioanalyse, Turkey) and fluconazole (Sigma-Aldrich, USA).
Every microorganism utilized was procured from the Department of Microbiology and Immunology's culture
collection at the Faculty of Pharmacy, Helwan University, Cairo, Egypt. The microorganisms underwent at least two
passages to guarantee their viability and purity.

a. Acylation

Generally, acylation takes place at the 2-position via a variety of techniques. Without a catalyst, acylation with acid
anhydrides and acid chlorides is possible; a Lewis acid may also be employed. 2-Acylpyrroles can also be produced
by the Houben-Hoesch reaction in conjunction with nitriles. One way to create pyrrole aldehydes is through the
Valmeyer—Haack reaction. Simple pyrrole does not undergo N-acylation.

NO

2
& Q i\
S
15eq.DMF AcONa O FIl 76%
H 1.5 eq. POCl, H,O
CH.CI, reflux 1 hr.

reflux 1 -1.5 hr

b. Alkylation:

It is rare to electrophilically alkylate simple pyrrole. It has been observed that alkylation at C2 forms Enones.

B. Reaction of deprotonated pyrrole:

With a pKa of 16.5, the NH proton in pyrroles is somewhat acidic. Strong bases like sodium hydride and butyllithium
can deprotonate pyrrole. An alkali pyrrolidine that results is nucleophilic. N-methyl pyrrole is produced by treating
this conjugate base with an electrophile, such as iodomethane. Depending on the coordinating metal, N-Metalated
Pyrrole can react with electrophiles at either the N or C positions. N-alkylation is the result of an increase in solvating
solvents and ionic nitrogen—-metal bonds, such as those with potassium, sodium, and lithium. MgX and other
neutrophilic metals have a higher degree of coordination to the nitrogen atom, which causes alkylation at C (primarily
C2). It is easier for the carbons to metalate in N-substituted pyrroles. Alkyl groups can be added by cross-coupling or
as electrophiles.
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N-substituted 3-bromopyrrole, which is produced by brominating N-silyl pyrrole with NBS, can be used to substitute
at position C3.
a. Reductions:
It is possible to reduce pyrroles to pyrrolidines and pyrrolines. For instance, pyrrolines were created by Birch
reduction of pyrrole esters and amides, with the regioselectivity varying according to the location of the group that
withdrew electrons.
b. Cyclization reactions:
[4+2]-, [2+2]-, and [2+1]-cyclizations are examples of cycloaddition reactions that pyrroles with N-substitution can
go through. Pyrrole can function as a diene in Diels-Alder cyclizations, particularly when there is an electron-
withdrawing group on the nitrogen. Dienes can also be formed from vinyl pyrroles.
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Pyrroles can undergo a [2+1]-cycloaddition reaction with carbenes, such as dichlorocarbene. Dichlorocarbene
produces a dichlorocyclopropane intermediate, which undergoes the Ciamician—-Denoted rearrangement to yield 3-
chloropyridine. 3112411251

H H
N .CCl, \ -HCl | Ny
\ / > >
Q ma?l 2%,

Cl
»  Properties of Pyrrole:

i.Physical Properties of pyrrole:
Pyrrole has a boiling point of 131°C and is a colourless liquid. Pyrrole is extremely sensitive to air; in the presence of
air, it turns brown and eventually resinifies. Pyrrole is entirely miscible in ether and ethanol but only slightly soluble
in water.P!
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ii.Chemical Properties:
Compared to benzene, pyrrole is a more reactive aromatic compound. Pyrrole exhibits all of the typical electrophilic
substitution reactions (also known as halogenation, nitration, sulphonation, Friedel-Crafts reactions, etc.) of aromatic
compounds due to its aromatic nature. !

2. IMIDAZOLE:
Fig8: Structure of imidazole
. IUPAC Name: imidazole Glyoxaline 1,3-Diazole
o Molecular Formula: C3H4N:
o Molecular Weight: 68.079 g/Mol

Numerous significant biological compounds contain imidazole. The most common is "histidine,”" an amino acid with
an imidazole side chain. Histidine is an essential component of many proteins and enzymes and is essential to
haemoglobins’ structure and binding properties. Histamine, another widely occurring biological molecule, can be
produced by decarboxylating histidine. Imidazole is used in immobilized metal affinity chromatography (IMAC) for
the purification of His-tagged proteins, among other uses. Imidazole is now a crucial component of many
medications. Numerous fungicides, antifungal, antiprotozoal, and antihypertensive drugs contain synthetic imidazole.
Theophylline, a molecule Present in coffee beans and tea leaves that stimulates the central nervous system, includes
imidazole. In addition to being used in medicine, imidazole has a variety of industrial uses. It is widely employed as a
corrosion inhibitor on some transition metals, including copper. Preventing copper corrosion is crucial, particularly in
aqueous systems where corrosion reduces copper's conductivity. Imidazole derivatives are present in many
compounds of significant industrial and technological importance. As a fire retardant, imidazole is fused to a benzene
ring and linked to benzene in the thermostable polybenzimidazole (PBI). Additionally, imidazole is present in a
number of compounds used in electronics and photography. This review primarily highlights the imidazole moiety's
pharmacological significance. (¢!

An extremely valuable intermediate used in the synthesis of agrochemicals and medications is
imidazole. It serves as both an anti-rust and a curing agent for epoxy resins. It has recently grown to be a significant
industrial intermediary for applications that are heat- or photosensitive.

N
H
CF 0 4+ HCHO 4, NH, -——-—Q@
CHO E

Fig8- Liquid-Phase
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Fig9-Vapor-Phase.

Glyoxal, formaldehyde, and ammonia react over a Raney-Ni catalyst in the primary production process. After the
reaction mixture has been corrected, high purity imidazole is produced during the liquid phase reaction, which lasts
between 50 and 100 minutes. ©!

> PHARMACOLOGICALACTIVITIES:

Well-known heterocyclic compounds called imidazole are widespread and play a significant role in many different
types of medicinal agents. Based on numerous reviews of the literature, imidazole derivatives exhibit a range of
pharmacological activities.

Antifungal activity

Anticancer activity

Antibacterial activity

Anti-tubercular activity

Anti-HIV activity

Antiviral activity

Antidepressant activity
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Figl0-Pharmcological activity

1. Antifungal activity:

In recent times, the main focus of efforts to find new antifungals has been on the chemistry of imidazoles and
triazoles. The class of drugs known as "azoles,” which includes several 1-substituted imidazole and triazole
compounds, is unquestionably the modern approach to treating fungal diseases both systemically and topically. The
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pharmacological and biochemical activities of imidazole as an antifungal are strong. Due to their poor absorption and
extensive first pass metabolism, lipophilic imidazoles like clotrimazole, econazole, and miconazole showed poor
systemic availability after oral administration. As a result, their use was restricted to topical treatment of superficial
fungal infections. When ketoconazole, a more polar imidazole, was used in medicine in the late 1970s, it marked a
significant advancement in the management of antifungal illness. &']

2. Anticancer activity:

created a large number of unique derivatives of imidazole-(Benz) azole and imidazole piperazine to study their
anticancer potential. These were the series' most active compounds based on anticancer activity screening results.
Cisplatin served as the benchmark medication. 18!

N
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produced a number of different series of 2-substituted benzimidazoles. A number of the synthesized products were put
through anticancer screening, and the results showed that every compound put through its paces demonstrated
antitumor activity against human colon, breast, adenocarcinoma, and hepatocellular carcinoma. The most potent anti-
human hepatocellular carcinoma samples were 3a and 4a. 1%

168 U g's s
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Most effective against human breast adenocarcinoma were compounds 5a, 6a, and 7a.
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3. Antibacterial activity:

The literature review indicates that the antibacterial effect of imidazole derivatives is the next most common and
significant pharmacological effect. Determining this impact is crucial since, following the discovery of nearly all
major antibiotic classes (including macrolides, aminoglycosides, cephalosporins, and tetracyclines), these medications
may become less effective as a result of rising microbial resistance. The current global public health concern is
treatment failures linked to bacteria that are resistant to multiple drugs.

For instance, research was done on the bactericidal effect of imidazole compounds in complex with Ag and their
antibacterial activity. ? produced Schiff base ligands that were easily coordinated with Ag(l) centres’ by synthesizing
1-(3-aminopropyl) imidazole. Research was done on strains of P. aeruginosa, MRSA, E. Coli, and S. aureus. The
majority of Ag (1) complexes therefore exhibited moderate antibacterial activity. ") Benzonitrile hexafluorophosphate
and coumarin salts substituted with imidazolium, benzimidazolium, and silver complexes were studied for their
antibacterial properties against both Gram-positive (S. Aureus) and Gram-negative (E. coli) bacteria. While the
antibacterial activity against S. aureus was only moderate, both silver complex series demonstrated antibacterial
activity against E. coli. Ultimately, it was determined that the metal centre has something to do with the complex
activity.l?4

4. Anti-tubercular activity:

Mycobacterium-induced infectious diseases have recently shown improvements in treatment; however, these
microorganisms continue to pose a serious threat to global healthcare and remain the primary cause of infectious
disease-related deaths worldwide. Despite the availability of antituberculosis medications, tuberculosis remains one of
the most prevalent infectious diseases that should worry everyone. The HIV epidemic has made matters worse by
increasing the prevalence of multidrug-resistant tuberculosis and encouraging the development of drug-resistant
microorganisms. In light of these facts, developing novel therapeutic agents to fight M. tuberculosis infections is
necessary.?? examined the effectiveness of 2-phenylimidazole derivatives made from a-amino acids against
mycobacteria. Compounds with a nitro group among 2-phenylimidazole derivatives exhibited some activity against
M. tuberculosis, although this activity was not as strong as that of isoniazid. Isoniazid activity was outperformed by
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activity against M. avium and M. kansasii. The primary factor influencing the compounds under study's
antimycobacterial activity was their nitro group availability.™*"

5. Anti-HIV activity:

The causative agent of AIDS or AIDS Related Complex (ARC) is HIV-1 (Human Immunodeficiency Virus Type-1), a
pathogenic retrovirus belonging to the lentivirus family (1-3). HIV infection causes significant impairments in cell-
mediated immunity by specifically targeting monocytes that express surface CD4 receptors. A chronic infection
causes a significant reduction in CD4 T-lymphocytes (T-cells), which in turn causes opportunistic infections (Ols)
including bacterial, fungal, viral, protozoal, and neoplastic illnesses, as well as the eventual demise of the patient17.
In addition to inhibiting HIV replication, the perfect anti-HIV medication should be able to fight off bacterial
infections, hepatitis, and other opportunistic illnesses. Imidazoles have been identified as antiviral agents; capravirine
is one example. De Martino et al.20,21 synthesized several 1-2- -(diarylmethoxy) ethyl]-2-methyl-5-nitroimidazole
(DAMNI) antilogs as novel HIV-1 reverse transcriptase (RT) inhibitory agents active at submicromolar concentration.
The most potent of these analoguesanalogs was the racemic 1-2-[(thiophen-2-yl) phenylmethoxy] ethyl]-2-methyl-5-
nitroimidazole (EC50, 0.03 umol-1), which demonstrated greater activity than efavirenz against the viral RT carrying
the K103N mutation.

ﬁ/

\[>’ K I 3

DAMNIs X: 8,0 NAIMs X , X : halogen, alkyl R: alkyl, aryl Y:SH.S

\ 7/

Capravirine

Likewise, it has been documented that N-aminoimidazoles (NAIMs) impede the replication of both the wild-type
virus and an HIV-1 strain harboring the K103N and Y181C mutations. 7

6. Antiviral activity:

Imidazole derivatives synthesized and (substituted phenyl)- [2-(substituted phenyl)- imidazol-1-yl] antiviral screening
Compounds A and B were found to be the most effective antiviral agents based on methadone’s against viral strains.
Ribavirin was the prescribed medication.?®!
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For compound A, R1=H,R2=H,R3=Cl|,R4=H,R5=H,X=4-NO2

B, R1=H,R2=H.,R3=NO2 ,R4=H.R5=H.X=4-NO2

Cl N
N NO,
N
Cl

5.6-dichloro-2-(4-nitrophenyl)-1H-benzo[d]imidazole

produced seventy-six derivatives of 2-phenylbenzimidazole and assessed their antiviral and cytotoxic properties
against a panel of DNA and RNA viruses. The compound [56- dichloro-2-(4-nitrophenyl) benzimidazole]
demonstrated a high level of activity, making it more potent than the reference medications 6-azauridine and
mycophenolic acid.smycophenolic acid.

7. Antidepressant activity:

created moclobemide analogues by substituting imidazole for the moclobemide phenyl ring, and then used the forced
swimming test to examine the antidepressant effect. It was discovered that analoguesanalogs 7a—c had greater potency
than moclobemide.™*”]

M
RS b)R=C2HS5,

DﬁCONHCHZCHZ_N‘ 0 For this compound a)R=CH3,
_/

¢)R=CH2C6H

» SYNTHESIS OF IMIDAZOLE:

Imidazole Were made in 1858 using ammonia and glyoxal. There are various methods for synthesizing imidazoles,
including Wallach synthesis from aminonitrile and aldehyde, Marckwald synthesis, dehydrogenation of imidazolines
from alpha halo ketones, and Radiszewski synthesis. The synthetic procedures' specifics are listed below.

[JRTI2312033 International Journal for Research Trends and Innovation (www.ijrti.org) AR



http://www.ijrti.org/

© 2023 IJRTI | Volume 8, Issue 12 | ISSN: 2456-3315

1) RadiszewskKi.

It consists of reacting two ammonia molecules with an aldehyde in the presence of ammonia, such as benzyl with
benzaldehyde, to form a dicarbonyl compound such as glyoxal, a-keto aldehyde, or a-diketones. 2,4,5-
triphenylimidazole as a result. Ammonia is frequently easily replaced with formamide.?*!

+2NH, + ] — <\ /
o Z H
Q)
Benzil Benzaldehyde
—
i
2,4 S-triphenyl imidazole > ‘["N\/y{\/
& e
A "

2) Dehydrogenation of imidazole:

It was reported that barium managanate, a milder reagent, was used to convert imidazoline to imidazole in the
presence of sulphur. After reacting with BaMnO4, 1, 2 ethane diamine and alkyl nitriles are converted to 2-substituted
imidazole.?

H _ -NH N BaMnO N

(e L e = )

NH, R N N
H H

Figl1-Dehydrogenation of imidazole

a- Halo Ketone:

Imidine and alpha halo ketones are involved in this reaction. Based on the procedure made possible by 2,4-diphenyl
imidazole, this method has been successfully used for the synthesis of benzamidine and 2, 4- or 2, 5-biphenyl
imidazole phenacyl bromide. Amidine reacts with acyloin or alpha halo ketones to produce imidazole. [25]

Figl2-Produce Imidazole, Acyloin or Alpha Halo Ketones React with Amidine
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3) Markwald Synthesis:

One common method for synthesizing imidazoles is to prepare 2-mercaptoimidazoles from alpha-amino ketones or
aldehyde and potassium thiocyanate or alkyl isothiocyanates. The required imidazoles can be easily obtained by
removing the sulfur using a variety of oxidative methods. Alpha-amino aldehyde or ketone, the starting compounds,
are not easily accessible, which is likely the main drawback of the Marckwald synthesis.[*"]

R

R._ N'R o R._ N"R
+ KCNS e R \
)¢ I 4, T
R N R N

r” "NH,

alpha-Amino ketone

> PHYSICAL PROPERTIES:

Compared to pyrazole and pyridine, imidazole has a pKa of 7.2 and exhibits amphoteric properties. The resonance
value of imidazoles, an aromatic compound, is 14.2 K cal/mol, which is nearly half that of pyrazole. Imidazoles
commonly undergo electrophillic substitution, while their nucleus contains an electron-withdrawing group that causes
nucleophillic substitution. Imidazoles are tautomeric substances with an M. pt. of 90° C. Since positions 4 and 5 are
equivalent, they are weak bases.

Intermolecular H- bonding

In the presence of ammonium acetate, 1,2-diketones and urotropine allowed for the solvent-free, microwave-assisted
synthesis of 4,5-disubstituted imidazole, which was straightforward and effective. 2!

» Biological significance and applications of synthesized imidazole:

Applications for imidazole compounds are numerous and include agrochemicals, materials science, and
pharmaceuticals. The importance of effective synthetic techniques for these various fields is discussed in this section.

« Imidazole is an important component of many biological molecules; one well-known example is histidine, which has
an imidazole side chain. Histidine is an essential building block of many proteins and enzymes and is essential to
haemoglobins’hemoglobin's structure and binding properties.

« It can also be decarboxylated to yield histamine, a typical biological substance implicated in urticaria and other
allergic reactions.

* Imidazole is used in immobilized metal affinity chromatography (IMAC) in the field of protein purification to
separate His-tagged proteins. The His-tagged proteins are released when too much imidazole is added because it
pushes the His-tag out of the nickel-coordination sites.

» Imidazole made its way into the pharmaceutical sector, where it is used in antifungal, antiprotozoal, and
antihypertensive medications. It is a part of theophylline, a stimulant of the central nervous system that is present in
tea and coffee.

* The anticancer drug mercaptopurine, which interferes with DNA functions to treat leukemia, also contains
imidazole.

The direct applications of imidazole are limited when used alone. But it also acts as a precursor for many other
agrichemicals, such as prochloraz, climbazole, enilconazole, clotrimazole, and bifonazole. These derived materials are
significant for a range of pharmaceutical and agricultural uses.

* A number of substituted imidazoles, including clotrimazole, are referred to as nitric oxide synthase selective
inhibitors. Their feature renders them fascinating candidates for medication development concerning inflammation,
neurodegenerative illnesses, and tumors of the nervous system. The imidazole pharmacophore is also linked to a
number of biological activities, such as disruption of translation initiation processes and downregulation of
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intracellular Ca2+ and K+ fluxes. Their potential therapeutic applications are enhanced by these properties. (28,29,
30)

» CONCLUSION:

In conclusion, this comprehensive review has provided a detailed and insightful exploration of the diverse methods
and strategies employed in the synthesis of pyrrole and imidazole, a versatile and important heterocyclic compound.
We have covered a broad spectrum of synthetic approaches, ranging from classical methods to modern and innovative
techniques, showcasing the ever-evolving landscape and biological significance and applications of synthesized
imidazole’s. This comprehensive review serves as a valuable resource for researchers, scientists, and students in the
field of chemistry, providing a deep understanding of the various methods and strategies available for pyrrole and
imidazole synthesis. It is our hope that this review will inspire further research and innovation in this area, ultimately
leading to the development of novel pyrrole and imidazole-based compounds with broader applications and benefits
for society
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