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Abstract: This review explores the innovative use of nano-catalysts in the synthesis of 5-substituted 1H-
tetrazole derivatives, highlighting their significant biological applications. The novel methodologies discussed
demonstrate enhanced efficiency and selectivity in the production of these compounds. Key findings include
the optimization of reaction conditions and the discovery of new catalytic pathways that improve yield and
reduce reaction time. The synthesized tetrazole derivatives exhibit strong potential as therapeutic agents due
to their biological activity. This work provides a comprehensive overview of the state-of-the-art techniques
in nano-catalytic synthesis, emphasizing their practical applications in medicinal chemistry and materials

science.
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1. INTRODUCTION

Tetrazoles are artificial heterocyclic organic
compounds that have one carbon atom and four
nitrogen atoms arranged in a five-membered ring.
They are among the stable heterocycles with the
highest nitrogen concentration. Tetrazoles are
classified into two more common categories
according to the number of substituents (Figure 1):
(i) the simplest parent tetrazoles, (ii) Tetrazoles that
have been mono-, 2-, or b5-substituted, (iii)
Tetrazoles that are di-substituted (1,5- or 2,5-
disubstituted).

"J. A. Bladin created and described tetrazole for the
first time in 1885 (1,2), marking a significant
milestone in organic chemistry. His pioneering work,
conducted on the campus of Uppsala University, laid
the foundation for subsequent studies exploring
tetrazole derivatives' diverse applications in
pharmaceuticals, materials science, and other fields,
as evidenced by numerous scholarly articles available
on Google Scholar. Tetrazoles exhibit stability
throughout an extensive pH range and demonstrate

resistance to a variety of oxidizing and reducing
agents (1). They function as ligands in coordination
chemistry and are essential (2) as explosives within
the field of material science (3) and serve as
substitutes for carboxylic acids in medicinal
chemistry (4). Because of the many nitrogen atoms
in their structure, they function as flexible
pharmacophores in medicinal chemistry. Among the
drugs are those with tetrazole rings. Antimicrobial
(5), antifungal (6), antiviral (7), analgesic (8), and
anti-inflammatory (9).

In recent years, advancements in nanoscience and
nanotechnology have brought about revolutionary
changes in many sectors, such as biology, medicine,
wellness, environmental protection, and catalysis
(10,11). Utilizing nanotechnology to capitalize on
catalytic processes is one of the most important
research fields among them, considering its direct
influence on human society and evolution (12,13).
The name "Nano" comes from the Greek word
"dwarf". Anything that is at least one magnitude
smaller than 100 nm in nanotechnology and has a
clear view of its limit is called a nanoparticle (NP)

1495



https://doi.org/10.18596/jotcsa.1436801
mailto:jwankarr.abdulla@gmail.com
https://dergipark.org.tr/jotcsa
http://www.turchemsoc.org
https://orcid.org/0009-0001-1892-6173
https://orcid.org/0000-0003-3362-6301
https://orcid.org/0000-0003-1167-3799
https://orcid.org/0000-0002-5985-8437
https://orcid.org/0000-0002-9164-5212

Khdir JAS et al. JOTCSA. 2024; 11(4): 1495-1514

(14). Applications for nanoscale materials are
growing in frequency, including fuel conversion,
pollution control, and chemical synthesis. Transition
metal NPs are of particular interest in nearly every
branch of research and industry (15,16). Depending
on their size, shape, composition, aggregation,
material origin, and similarity, nanocatalysts can be
distinguished from one another. Among other factors,
the structure and form of NPs have a significant
influence in determining how dangerous they are to
people and their surroundings (17,18). Because of
their enormous catalytic activity, NPs are useful for
chemical procedures in both industry and research
(19,20). There are several different kinds of NPs,
including metal/metal oxide, ceramic,
semiconductor, carbon-based, and polymeric NPs
(21-26), among the first uses of NPs in catalysis.
Several substances and elements, including titanium
dioxide, steel, aluminum, and silica, have been
employed as nanoscale catalysts over the past
decades (27,28). It has been successful in using
nanocrystalline metal oxides as poisons and gasses
of hazardous substances (29). The literature claims
that changing a nanomaterial's size, texture, and
composition can change its properties (30-33). The
ability of the activity catalyst to be retrieved from the
reaction media after the reaction is a critical
component in determining its utility in practical
applications. On a large scale, this problem poses
serious environmental and financial challenges.
Because of this, heterogeneous catalysts are much
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more varied and often used in industry than
homogeneous catalysts (34,35). However,
heterogeneous catalysts' lack of efficiency is their
worst flaw, which is why developing catalysts with
extremely high efficiencies is a top priority. In
addition to organic modification, nanocatalysts have
many other uses (36,37). Thermal decomposition,
organic vapor synthesis, microwave irradiation, sol-
gel process, non-sono and sonoelectrooxidation,
chemical precipitation, the hydrothermal approach,
the photochemical method, shine discharge plasma
electrolysis, the antisolvent the process of the
precipitation microwave radiation exposure, wet-
chemical approach, and sonochemical strategy are
among the many techniques utilized for producing
these nanocatalysts (36-40). To grasp the signifi-
cance of nanocatalysts, one can examine the
information available on the (Web of Science)
platform, covering the period from 2000 to 2022. The
volume of publications has shown a consistent annual
rise, with notable advancements emerging, particu-
larly after 2010. This observation leads us to posit
that the realm of nanotechnology exerts influence
across various scientific domains, see (Figure 2). 5-
replaced 1H-tetrazoles are among the most
significant and fascinating of all the tetrazole classes
due to their many applications in the field of
medicinal chemistry. Thus, the most recent
developments in the synthesis of 5-replaced 1H-
tetrazoles will be the main subject of this study.
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Figure 1: The classification of tetrazoles (37).
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Figure 2: Publication vs. year record of published nanocatalysts.

2. THE FUNCTION OF 1H-TETRAZOLES WITH 5-
SUBSTITUTES IN MEDICINAL CHEMISTRY

In medicinal chemistry, 1H-tetrazoles with five
substitutes are frequently used as carboxylic acid
bioisosteric substitutes or, more precisely, as
carboxylic acid surrogates (41). Despite structural
differences, neither of these functional groups
exhibits comparable biological activity because of
substantially related physiochemical characteristics
(42). It is known that there are two tautomeric forms
of 1H-tetrazoles with five substitutes with a free N-H
bond: 1H- and 2H-tautomers in an approximately
1:1 ratio (Scheme 1) (43). Larsen, Liljebris, and
coworkers (44) found that, as compared to utilizing
the comparable carboxylate counterparts, adding a

lipophilic tetrazole moiety to a range of PTB1B
inhibitors dramatically enhanced Caco-2 cell
permeability. The impact of substituting a 1H-
tetrazole with five substitutes for a carboxylic acid in
terms of pharmacodynamics is complex. It is
impossible to forecast with any degree of accuracy
whether the pharmacodynamics will rise, fall, or even
vanish (45). A negative charge resonance in the
tetrazole ring may raise or lower the interaction with
a certain receptor, according to the electron
configuration within a receptor site (46). The primary
benefit of 1H-tetrazoles with five substitutes is that
one of its nitrogen atoms can be glucuronidated,
allowing both of its tautomers to act as platforms
(47).

H
N /N
Hl\i/ N o o ’\(\ / H
N=— N—
=\ N
2H 1H

Scheme 1: The two tautomeric forms of 1H-tetrazoles with five substitutes (43).

3. DIFFERENT METHODS TO SYNTHESIZE
TETRAZOLES WITH FIVE SUBSTITUTES

Tetrazoles with five substitutes Have been used in
photography, organic chemistry, medicine, and
weaponry (45). Itis an important intermediate in the
synthesis of organic compounds that is derived from
tetrazole in organic chemistry. (Scheme 2) and (Table
1) show some indicated methods for producing these
specific tetrazole derivatives. The majority of these
methods are based on the condensation of a CN
group plus an azide moiety. Tetrazoles with five
substitutes can be synthesized by (I) Nitrile reaction
with NaNs and NH4Cl or (CyHs)sN.HCI in N, N-
dimethylformamide (DMF) with microwave
assistance (48), (II) Nitrile, and NaNs reacting using

(C2Hs5)3N.HCI in toluene (49), (III) ammonium
chloride, dodecyl trimethylammonium or hexadecyl
trimethylammonium bromides, and nitrile
condensation using water with NaNs (2), (IV) acetic
acid and NaNs used to treat nitrile in N-methyl
pyrrolidine-2-one  (NMP)  solution  (50), (V)
Trimethylsilyl azide (TMSN3) and nitrile are reacted
by tetrabutylammonium fluoride (TBAF) trihydrate
(51), Microwave procedure for treating (NaNs) in H>O
with nitrile and zZnCl, (52), (VII) amide, NaNs, and
HCIsSi undergo MeCN condensation (53), (VIII)
Under a reflux condition, zinc bromide is used to
condensate NaNs and nitrile in water (54), (IX) using
heterogeneous catalysts, such as Pt NPs, to condense
nitrile and sodium azide in dimethylformamide (55).
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Table 1: Different methods to synthesize Tetrazoles with five substitutes (55-60).

Number Temperatures, and

The solvent and material used

. Ref.
duration
I (--),10-25 min NaNs, NH4Cl, (CoHs)s N.HCI (DMF) (48)
II 30-100 °C, (--) NaNs, (CzHs)3N.HCI, toluene (49)
II1 (--), 3-4 days Nitriles, NaNs, NH4Cl, Dodecyl (2)
trimethylammonium
v 220 °C, 5-30 min Nitrile, NaNs, acetic acid, (NMP) (50)
\Y 50-120 °C, (--) TBAF, TMSNs3, nitrile (51)
VI 92-95 °C, (--) NaNs, ZnClz, H20 (52)
VII Reflux Amide, NaNs, SiCls in MeCN (53)
VIII Reflux ZnBr3, NaNs, nitrile (54)
IX 80-130 °C, (--) NaNs, nitrile, DMF, cat Pt NPs (55)
R——CN
R—CN R—CN
NaN;,AcOH o
NPM, H,0
NaN;,NH,Cl ) MW or flow
DMFEMW, 10-25 min 220 °C,5-30 min
Y A®
e“’\
NaN;,(C,Hs);N.HCI N/N\ NaN3,ZnCl,
R—CN P s R—CN
PhMe,30-100 °C \ R H,0,92-95 °C,MW
N
\N
H
N
N
N
R——CN
NaNj; Cat
DMFor DMSO
80-130 °C
R—CN R——CN

Scheme 2: Different routes to synthesize 5-substituted tetrazoles.

4. SYNTHETIC METHODS OF 1H-TETRAZOLES
WITH FIVE SUBSTITUTES

The diazotization of amidrazones was one of the first
widely utilized processes for the production of 1H-
tetrazoles that are 5-substituted before the [3+2]-
cycloaddition process. Hydrazine and imitators were
used to create these amidrazones. Using this
technique, an imidoyl azide is produced before the
1H-tetrazoles with five substitutes (Scheme 3) (61).
Hantzsch and colleagues revealed how to create 5-
amino-1H-tetrazole in 1901 by employing azoimide,
a hydrazoic acid, and cyanamide (62). Up to the
1950s, the main reactants used to prepare tetrazoles

were hydrogen cyanide and hydrazoic acid. Some of
these reactants are dangerous; hydrazoic acid, for
instance, is extremely volatile, poisonous, and
explosive (63). This method also has a number of
other problems, including the use of strong Lewis
acids and moisture-sensitive reaction conditions
(64). This led to further efforts to modify the
protocols for the synthesis of 1H-tetrazoles with five
substitutes. 1958 saw Finnegan with associates (65),
present their fundamental study as well as an
improved procedure for producing 1H-tetrazoles with
five substitutes from nitriles in DMF by using
inorganic NaN3 and ammonium chloride (Scheme 4).
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5-(p-tolyl)-1H-tetrazole

Scheme 3: 1H-tetrazoles with five substitutes synthesis from amidrazones.

R
/ R NaNj, NH,CI NH
DMF, 100-125 °C \N/
itril
nitrile 5-substituted
1H-tetrazole

Scheme 4: 1H-tetrazoles with five substitutes are synthesized from nitriles by employing sodium azide and
ammonium chloride.

Consequently, safer, faster reaction times and higher
product yields have been achieved through the
development of novel synthesis techniques. Utilizing
microwave (MW) irradiation, reaction times were
shortened (43). Over time, research has been done
on the use of various catalysts in various reaction
settings. The most common catalyst is the Lewis acid
(such as BF3-OEt; (66), ZnBr, (67), etc.). These
catalysts do, however, have drawbacks, such as
laborious separation processes and inadequate
recovery and recyclable properties. Consequently, to
get around these shortcomings, heterogeneous
catalysts such as ZnO nanocrystals (68), CuFe;04
NPs (69), CoY zeolite (70) Fe304@SiO; (71), Ag NPs

(72), SnClz-nano-SiO2, Au NPs, graphene, graphene
oxide/ZnO nanocomposites, Pt NPs@rGO (57) etc.,
used to make 5-substituted 1H tetrazoles. Currently,
efforts are being made to improve safer and more
efficient synthesis techniques.

This section will give a quick rundown of the four
methods for making 1H-tetrazoles with five
substitutes: microwave-assisted synthesis,
heterogeneous catalysts, miscellaneous methods,
and NPs as heterogeneous catalysts. However, we
will concentrate on using NPs as heterogeneous
catalysts in the synthesis of 1H-tetrazoles with five
substitutes (Figure 3).

Nanoparticles

heterogeneous
catalysts

Methods for
heterogeneous the synthesis Miscellaneous
catalysts 5-substituted method

1H-tetrazoles

Microwave
assisted -synthesis

Figure 3: Various methods for producing 1H-tetrazoles with five substitutes Microwave-assisted synthesis.
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Another process used to prepare tetrazole derivatives
is microwave-assisted synthesis, which we briefly
describe as only one method for this preparation. The
production of 1H-tetrazoles with five substitutes has
difficulties due to extended reaction durations. This
disadvantage has been addressed by the use of
microwave (MW) irradiation. In 1986, an initial
published work involving organic reactions aided by
microwaves was released. Despite the expensive

REVIEW ARTICLE

expense of specialized microwave equipment, it is
nevertheless widely used. It is thought that
microwave irradiation produces reactions with higher
yields, less time for reaction, and more purity than
traditional heating (73-75). Using MW irradiation,
Harusawa, and colleagues (76) for the conversion of
1H-tetrazoles with five substitutes in DMF from inert
nitriles (Scheme 5).

R——C——N

NaNj;, Amberlyst-15

HN—N

\
N

R = alkyl, aryl,
heterocycles,
cycloalkylidenes

DMSO, 85°C, 12 h

-
v

MeO

5-(4-methoxyphenyl)-1 H-tetrazole

94% yield
+ 13 other examples

Scheme 5: Microwave-assisted synthesis of 1H-tetrazoles with five substitutes.

4.1. Heterogeneous Catalysts Synthesis

When the phases of the reactants and catalyst are
different, this is known as heterogeneous catalysis.
Initial homogeneous catalysts for the synthesis of
1H-tetrazoles with five substitutes have low recovery,
recyclability, and time-consuming separation
processes. Heterogeneous catalysts were created as
a solution to these problems, and they are now a
common option for the production of 1H-tetrazoles
with five substitutes (43). Nagarkar et al. developed
a successful process for the synthesis of 1H-
tetrazoles with five substitutes using the
heterogeneous solid acid resin Amberlyst-15 as a
catalyst (77) and employed DMSO as a solvent for 12
hours at 85 °C, yielding a 36-47% product. The
highest yield, 94%, was obtained from 5-(4-methoxy
phenyl)-1H-tetrazole using 4-methoxybenzonitrile.
They employed the catalyst subsequently after
recovering it eventually by simple filtration. The
Akhlaghinia group employed Cu(II) immobilized on
aminated epichlorohydrin-activated silica (CAES) in
DMSO as a catalyst for the production of 5-
substituted 1H-tetrazoles (59). According to the
mechanism, Cu(II) first activates the nitrile's
nitrogen atom, accelerating the [3+2] cycloaddition.
An acidic workup is then performed to produce 5-
substituted 1H-tetrazoles. Up to five reuses of the
recovered catalyst were possible. Overall, yields
ranged from 75 to 96%, with terephthalonitrile
(benzene-1,4-dicarbonitrile) yielding the largest
amount of 5-(4-cyanophenyl)-1H-tetrazole (96%).

The preparation of tetrazole derivatives by this
method has been tried by many others, each using
their methods, and some using the same technique
as before, but with some changes in solvent or
temperature or so on, some of the heterogeneous
catalysts used in these preparations with good and
satisfactory vyields were (Ln(OTf)3-SiO,, TBAHS,
CAES, and [bmim]Ns ionic liquid (azide source),
etc.).

4.2. Miscellaneous Methods Synthesis

This technique is another good technique that gets
reliable results including Metal Azide Precursors,
Cyclization of Nitriles, Cyclization of Amidines, Cu(I)-
Azide-Alkyne Cycloaddition (CuAAC) and additional
processes, such as those described by Sridhar and
colleagues (78) can synthesize 1H-tetrazoles with
five substitutes in a single step, employing
bismuth(III) triflate to catalyze the reaction of
aldehydes in DMF at 120 °C with sodium azide and
acetohydroxamic acid. With moderate to good (60—
87%) production, 5-Aryl, 5-Heteroaryl, 5-Alkyl, and
5-Vinyl-1H tetrazoles were synthesized in 15-28
hours. When benzaldehyde was utilized, the highest
output was noted (Scheme 6).

Heravi and colleagues reported a solvent-free, green
synthesis of 5-alkyl- and 5-aryl-1H-tetrazoles in high
yields (89-97%) utilizing nitriles and [bmim]Ns at
120 °C for 5-12 hours. The reaction was catalyzed
by heteropolyacid (H3PWi2040) (79). With 4-
nitrobenzonitrile, the maximum vyield was obtained
(Scheme 7).
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benzaldehyde

)
/O n )LNH/OH i NaN3 Bl(OTf)3

Y

DMEF, 120 °C

5-phenyl-1H-tetrazole
87% yield
+ 11 other examples

Scheme 6: Bi(OTf)s-catalyzed synthesis.

o
|

+

(0]
H'f-
FZ

4-nitrobenzonitrile

N

N
\O'
[bmim]Ns, H;PW,0,, /N\
> N
solvent-free, 120 °C \\

5-(4-nitrophenyl)-1H-tetrazole

97% yield
+ 8 other examples

Scheme 7: H3PW;,040-catalyzed synthesis.

4.3. NPs as Heterogeneous Catalysts

In green synthesis, nanomaterials and nanocatalysts
are crucial. Benefits like giving the reactant access to
a greater surface area and using a minuscule
quantity of catalyst to produce meaningful results are
attained by shrinking the catalyst. Additionally, it is
possible to attain higher selectivity, which will
prevent the formation of undesirable products (80)
In this section, we will examine some common ways
to create the product we want and discuss the
importance of each method.

4.3.1. Fe304 NPs

Kolo and Sajad produced 5-(arylthio)-1H and 5-
(alkylthio)-1H tetrazoles with yields of up to 94%
(81). It employs Fe304 NPs, which are reused and
magnetized recoverable, by using thiocyanates
(Scheme 8). The nitrile group of the thiocyanate
formed a compound with the catalyst, imparting its
electrophilic property, which activated the nitrile
group on the catalyst's surface. This is followed by a
sodium azide nucleophilic assault. The catalyst's
catalytic activity did not significantly decrease
throughout its easy recovery and reuse.

N

NaN3, Fe304 NPs

A

S

thiocyanatobenzene

s N
\( .
- \ P
DMEF, 110 °C, 20-24 h N\N/

5-(phenylthio)-1H-tetrazole

94% yield
+ 6 other examples

Scheme 8: Fe304 NPs catalyzed synthesis (81).
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4.3.2. Cu(I1)-O-AMWCNTs-PhTPY NPs

Sharghi et al. produced 1H-tetrazoles with five
substitutes with acceptable to good products (75-
98%) by immobilizing the 4’-phenyl-2,2’:6',2"-
terpyridine complex onto multiwalled nanotubes of

REVIEW ARTICLE

carbon with activation [AMWCNTs-O-Cu(II)-PhTPY]
in DMF at a temperature of 70 °C (82) (Scheme 9).
Up to five cycles of good reusable were shown by the
catalyst (43).

=

AMWCNTs-O-Cu(I)-PhTPY_

HN—N

\\N

FsC NH,OAc

DMF, 70 °C

4-(trifluoromethyl)benzonitrile

F3C

5-[4-(trifluoromethyl)phenyl]-1H-tetrazole

+ 13 other examples

Scheme 9: PhTPY-Cu(II)-O-AMWCNTSs catalyzed synthesis (82).

4.3.3. Fe304@Si0,/Salen complex of Cu(II) NPs

Superparamagnetic Fe304@SiO, NPs [Fez04@SiOz
/Salen complex of Cu(II)] are the foundation of the
Cu(II) Salen complex. was determined by Sardarian
and associates to be the catalyst responsible for the
generation of 1H-tetrazoles with five substitutes in
DMF at 120 °C (83) seven times without experiencing

a discernible decline in activity. It was possible to get
a maximum vyield of up to 92% by utilizing
terephthalonitrile or 4-nitrobenzonitrile (83). In
addition to this product, 12 other products can be
obtained from this reaction within 6 hours (Scheme
10).

NO,

NaN3

Fe;04@Si0,/Salen complex of Cu(1l)

NO,

N
/\
N

Z

4-nitrobenzonitrile

DMF, 120 °C, 6 h

5-(4-nitrophenyl)-1H-tetrazole
92% yield

+ 12 other examples

Scheme 10: Cu(II) catalyzed salen compound of Fez04@SiO, synthesis.

4.3.4. Silver NPs (Ag NPs)

Awasthi and coworkers used silver NPs (Ag NPs) in
DMF at 120 °C. (72), for the production of (1H-
tetrazoles with five substitutes) that produced 93%
yields. Chemically, Ag NPs activate the nitrile group's

nitrogen atom, giving the group's carbon atom an
electrophilic characteristic. Tetrazoles are also
formed as a result of sodium azide's nucleophilic
assault. This method does not yield as pleasantly
(Scheme 11).
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AN
Ag NPs

-

+ NaN3
& Br

N

3-bromo-4-methoxybenzonitrile

DMF, 120 °C, 8 h

_— Br
=
3-bromo-4-methoxybenzonitrile

93% yield
+ 12 other examples

Scheme 11: Using Ag NPs as Catalyzed Synthesis.

4.3.5. Gold (Au) NPs

Gold(III) chloride [HAuCI4-3H20, Au(III)] and gold
nanoparticles [Au NPs, Au(0)] were used as catalysts
for the synthesis of 1H-tetrazoles with five
substituents in DMF, as reported by Awasthi,
Agarwal, and colleagues (84). Chemically, the C=N
functionality is first activated by the nucleophilic
addition of NaNs, and it is subsequently activated by
protonolysis to produce 1H-tetrazoles with five

substitutes through a [3+2]-cycloaddition reaction.
For Au(0) NPs, a similar mechanism is expected.
Greater reactivity in Au(0) resulted in larger yields in
less time. This could be because Au(0) NPs have a
higher surface area, which makes it easier for C=N
and Au(0) to coordinate. Five-substituted 1H-
tetrazoles were produced in 83-99% vyields (16
instances) by using Au(0) NPs, whereas 82-98%
yields were obtained by using Au(III) (Scheme 12).

NH,
HAuCl,-3H,0

DMF, 100-110 °C, 0.3-2.5 h N

NH,

N& Au(0) NPs

4-aminobenzonitrile

DMF, 75-80 °C, 0.3-2.0 h

> ST
N

\
\N/NH

4-(1H-tetrazol-5-yl)aniline

99% yield, Au(0)
98% yield, Au(III)
+ 15 other examples

Scheme 12: Au NPs catalyzed synthesis (84).

4.3.6. Nickel zirconium phosphate (NiZrP) NPs

Abrishami and associates used a single nickel
zirconium phosphate (NiZrP) nanocatalyst in DMSO
at 120 °C to create 1H-tetrazoles with five
substitutes (85). Up to five cycles of reuse of the

catalyst would not result in a discernible decrease in
its capacity to catalyze (Scheme 13). Excellent yields
(60-99%) of the 1H-tetrazoles with five substitutes
were achieved; the greatest yield was produced by
4-bromobenzonitrile.
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Br

NaNj, NiZrP NPs

Br

N
AR
N

NC
NH4OAC

4-bromobenzonitrile DMSO, 120 °C

L
>

N\

N— NH
5-(4-bromophenyl)-1H-tetrazole

99% yield
+ 12 other examples

Scheme 13: NiZrP NPs catalyzed synthesis (85).

4.3.7. Monodisperse platinum (Pt NPs@rGO) NPs

Tetrazole derivatives were produced in a different
method by Kaya, Sen, and associates (55). Applying
two techniques, the first Using sodium azide, a
heterogeneous catalyst known as monodisperse
platinum NPs supported by reduced graphene oxide
(Pt NPs@rGO) was employed to perform [3+42]
cycloaddition on a variety of benzonitriles (55). 5-
aryl- and 5-heteroaryl-1H-tetrazoles were generated
in good yields (87-99%) in a short reaction time

(0.4-5 hours) (Scheme 14a). Up to six times could
be retrieved and utilized again without significantly
reducing the catalyst's catalytic activity. Second,
they prepared another product The subsequent
Tetrazoles (5-aryl and 5-heteroaryl-1H) were
synthesized with excellent yields (89-99%). Using a
brief reaction time (90 °C, 140 W, constant mode,
10-30 minutes) and microwave irradiation in DMF to
monodisperse platinum NPs coated on activated
carbon (Pt NPs@AC) (Scheme 14.b) (86).

a
X
N
/ N
Pt NPs@rGO N F
\ | +NaN3 N/ =
NC DMF, 75 °C N\ —NH
isonicotinonitrile
4-(1H-tetrazol-5-yl)pyridine
99% yield
+ 9 other examples
b —
N
Pt NPs@AC
+ NaN3 -
DMF, MW, 90 °C
NC cl
4-chlorobenzonitrile
5-(4-chlorophenyl)-1H-tetrazole
98% yield
+ 9 other examples

Scheme 14: (a) Synthesis catalyzed by Pt NPs@rGO (55). (b) Pt NPs@AC catalyzed synthesis (86).

4.3.8. Nickel oxide (NiO) NPs

Nickel oxide is one of the latest NP catalysts with
unique properties that are widely used in many fields,
Safaei-Ghomi J. and Paymard-Samani S. (87) by

using a Domino Knoevenagel condensation method
to react aldehyde, sodium azide, and malononitrile in
DMF for six hours at 70 °C while a nano nickel oxide
catalyst was present (Scheme 15).
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CHO
nano NiO
. NC\/CN £ NaN, >
di i 70 °C,6 h
malononitrile ~ S0dtum azide
benzaldehyde

2-phenyl-2-(1H-tetrazol-5-yl)propanenitrile

_—N
H HN \\
N
. /
N

CN

90% yield
+ 9 other examples

Scheme 15: Nano-NiO (87).

This table details the conditions,

kinds,

and

quantities of NPs utilized, together with the number
of items developed by multiple researchers.

While some have just replicated the work of their
forebears with variations in solvent, temperature, NP
type, and methodology, others have performed
exceptionally well and generated compelling results

(Table 2).

Table 2: The conditions and types of NPs used and the amount of products worked on by several

researchers.

Reaction Condition: (T)

Entry °C, Time, and reflux Solvent and yield Type nanocatalysts Ref
110 °C,-,- DMF, (83-97%) Fe304@Si0,/Schiff base/Cu(II) (88)
120 °C, 12 h,- DMF, (92%) CuFe>04 NPs (89)
140 °C,-,- DMF, (94%) Cu-MCM-41 NPs (56)
-, reflux, 2 h DMF, (78-95%) nano-TiCls-SiO> (90)
110 °C, 15-120 min,- ([bmim]Ns), (70-98%) Fes04@chitin (91)
120 °C, various, - (PEG), (60-98%) LZ:SS%”;TSE&‘_?&%Q on  (92)
-,-, reflux H>O/i-PrOH (1:1), (75-94%) Cu/AC/r-GO nanohybrid (93)
130 °C,-,- PEG-400, (up to 95%) Cu(II)-Adenine-MCM-41 (94)
-,-, reflux H20, (96%) Fes;04@Si0,-TCT-PVA-Cu(Il) (95)
120 °C,-,- PEG-400, (up to 95%) Pd-SMTU@boehmite (96)

The following nanocatalysts are employed in the
manufacture of tetrazole: (FesO4 NPs (81),
AMWCNTs-O-Cu(II)-PhTPY (82), Fe304@SiO. (83),
Ag NPs (72), Au NPs (84), NiZrP (85), Pt NPs@rGO
(55), nano-NiO (87), etc). Nitriles and sodium azide
undergo [3+2] cycloaddition to complete these
syntheses. The utilization of green nanocatalysts in
the manufacturing of heterocycles with a specific
reaction time, low chemical consumption, high yield,
and ease of operation are all advantageous. In most
processes, the utilized catalyst may be readily
extracted from the reaction mixture and recovered
without losing its catalytic activity. Nitriles and
sodium azide undergo [3+2] cycloaddition to
complete these syntheses. The use of green
nanocatalysts in the manufacturing of heterocycles
with a specific reaction time, low chemical
consumption, high yield, and ease of operation are
all advantageous. In most processes, the utilized
catalyst may be readily extracted and retrieved
without losing its catalytic function from the reaction
mixture.

To summarize, the utilization of nanocatalysts in
synthesis offers a means of attaining more effective,
focused, and environmentally friendly chemical
reactions, which has implications for both lab-based
studies and commercial uses. Scholars persistently
investigate and create novel nanocatalysts to tackle
certain synthetic chemistry problems.

5. BIOLOGICAL APPLICATIONS OF TETRAZOLE
DERIVATIVES

Tetrazoles are a family of synthetic heterocyclic
compounds made up of 2 hydrogen atoms, a single
atom of carbon, and 4 nitrogen atoms arranged in a
five-member ring (Figure 4). Tetrazole's chemical
formula is CN4H;. Tetrazole is a crystalline solid that
is white to pale yellow in color, soluble in alcohol or
water, and has a faint, distinctive smell. It has an
acidic nature since it contains four nitrogen atoms
(97).
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Figure 4: Tetrazole structure.

Numerous uses for tetrazole chemistry are emerging
in the domains of biochemistry, medicine, and
agriculture (98). The literature has discussed the
chemistry of tetrazole derivatives and their medical
uses (61). Tetrazole's distinct structure has piqued
the curiosity of many in the field of medical
chemistry, as have its derivatives. The main reason
the tetrazole moiety is important is that it can act as
a bioisostere of the carboxylic acid group in
supramolecular and pharmaceutical chemistry.
Above all, tetrazoles are highly versatile ligands that
readily conform to various binding modes.

Derivatives of tetrazole demonstrated antibacterial
(99), antifungal (100), anticancer (101), analgesic
(102), anti-inflammatory (103), antidiabetic,
antihyperlipidemic  (104), and antitubercular
activities (105). The US FDA has approved a large
number of compounds with a tetrazole moiety that
are significant for medicine (106). Many studies have
been done on the use of tetrazole derivatives in
biology, several of which are presented in (Table 3).

Table 3: Some works using Tetrazole derivatives.

Entry Biological applications Ref
1. Antibacterial (99)
2. Antifungal (100)
3. Anticancer (101)
4, Analgesic (102)
5. Anti-inflammatory (103)
6. Antidiabetic, Antihyperlipidemic (104)
7. antitubercular activities (105)
8. Anticancer Activity (120)
9. Anticonvulsant Activity (121)

5.1. Anticancer Activity

Numerous research institutions have investigated
low-toxicity broad-spectrum medicinal methods
(107). They make it rather evident that it can be
advantageous if one chemical simultaneously blocks
several important pathways and processes
(multitherapy). Since patient tumors need to be
analyzed for certain mutations to assign patients to
the appropriate therapy, many of these treatments
can only be loosely referred to as individualized.
When considering individual biological variation as a
whole, certain mutations only account for the
slightest amount of personalization. A far more
thorough evaluation of genetic and even lifestyle
factors, such as dietary choices, exercise routines,
and biobehavioral (stress management) techniques,
can be seen in truly customized therapy approaches,
along with additional host characteristics including
immunological condition and inflammation. The
methodical practice of integrative medicine, which
was crucial in the creation of this broad-spectrum
cancer therapy concept, embodies this kind of

personalized treatment (108,109). Two of the actions
taken: A variety of steroidal tetrazole derivatives
were synthesized by Shamsuzzaman et al. (2014)
using a simple technique in two steps. The MTT assay
method was used to examine the synthesized
compounds' antiproliferative ability in vitro against
cervical cancer (HelLa), myeloid leukemia (KCL-22),
breast cancer (MDA-MBA-231), and normal cell lines.
It was discovered that the class one molecule
exhibited significant action (IC50 >60 M) against the
three human cancer cell lines while being innocuous
to the normal cell lines (110). The MCF-7, MDA-MB-
231, and ZR-75 cell lines were employed to test a
range of novel substituted tetrazole derivatives that
were synthesized by Arshad et al. (2014) (111).

Bhaskar et al. produced a novel class of tetrazole
derivatives (2010). With a growth percent of 34-94,
compound in (Figure 5) was discovered to be the
most effective and potent anticancer drug against
ovarian cancer cell lines, SK-OV-3 (112).
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5-(2-chlorophenyl)-3-(5-phenyl-1H-tetrazol-1-yl)isoxazole

Figure 5: Tetrazole derivative.

5.2. Antimicrobial Activity

Arora et al. (2004) synthesized numerous triazole
derivatives using a 5-substituted tetrazole and
evaluated their antifungal activity against Candida
spp. in vitro, Cryptococcus neoformans, and
Aspergillus spp. It has been determined that
compound (1) (Figure 6) is a crucial structural

element of antifungal efficacy (113). A novel class of
substituted-3-mercapto-1, 2, 4-triazoles was synthe-
sized and assessed as an antifungal agent by Collin
et al. (2003). Compound (2) (Figure 6) shows signifi-
cant efficacy in inhibiting Candida tropicalis and
Candida albicans (114). Many others have worked,
but we have mentioned only these two.

(1)

OH

2) y

Figure 6: Compounds (1) and (2).

5.3. Antioxidant Activity

Elmegeed et al. (2011) produced a novel family of
derivatives of indolyl tetrazolopropanoic acid. (Figure
7.a) had been discovered to possess antioxidant
qualities that could be effective against oxidative
stress brought on by ACR treatment (115).

A unique series of 3-substituted-5-(1-phenyl-1H-
tetrazole-5-yl) methyl)benzene-1,2-diol was synthe-
sized by Adibi et al. (2011). Using the 1,1-diphenyl-
2-picrylhydrazyl (DPPH) radical scavenging and
reducing power test method, the antioxidant activity
was carried out. Of the molecules that were
produced, (Figure 7.b) demonstrated a higher level
of antioxidant activity (116).
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(@)

(2-(1H-tetrazol-5-yl)acetyl)tryptophan

3-methoxy-5-((1-phenyl-1H-tetrazol-5-yl)methyl)benzene-1,2-diol

(b)

O—CHs

Sl

OH

Figure 7: (a) 2-(1H-tetrazol-5-yl)acetyl)tryptophan, (b) 3-methoxy-5-((1-phenyl-1H-tetrazol-5-
yl)methyl)benzene-1,2-diol.

5.4. Anti-diabetic Activity

Gao et al. (2010) synthesized tetrazole (117) using
N-glycosides as SGLT2 inhibitors and tested the
drug's hypoglycemic effects in vivo on mice using the
oral glucose tolerance test (OGTT). The most potent
molecule against the common drug dapagliflozin was
found to be one particular one. Nicolaou and
colleagues employed pyrrolyl-tetrazole derivative as

a nonclassical bioisostere of a carboxylic acid moiety.
(2010) created a novel series of compounds and
assessed their ability to inhibit aldose reductase in
vitro. The observations suggest that a compound
exhibited strong antioxidant action, and the isomers
of pyrrolyl-tetrazole were putative starting points for
the synthesis of drugs of selective aldose reductase.
See the (Figure 8).

§
HN\/ /
CH, N—
o
o
OH
Ho OH

(2R,38,58,65)-2-(5-benzyl-3,4-dihydro-2 H-tetrazol-2-yl)-6-(methoxymethyl)tetrahydro-2 H-pyran-3,4,5-triol

Figure 8: Tetrazole derivative.

5.5. Anti-HIV Activity

Uraglian et al. (2006) developed a novel family of
aryltetrazolylacetanilides and assessed them as HIV-
1 non-nucleoside reverse transcriptase inhibitors
using the therapeutically relevant K103N mutant
strain (118). 5-(phosphonomethyl)-1H-tetrazole was

created by Hutchinson et al. (1985), who then
assessed its effectiveness against the Herpes
Simplex Viruses-1 replication, DNA polymerase
inhibitor action, and virus of influenza type A RNA
transcriptase activity (119). See the compounds in
(Figure 9).

€))

Cl

HO
N— HO—P=—S
N /\”/
| /
N NH
SOzNHZ \_/
N=—/N

((1H-tetrazol-5-yl)methyl)phosphonothioic O,0-acid

N-(2-chloro-4-sulfamoylphenyl)-2-((1-(2,5-dichlorophenyl)- 1 H-tetrazol-5-yl)thio)acetamide

Figure 9: Anti-HIV tetrazole derivatives compounds.
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6. CONCLUSION

Tetrazoles are important heterocyclic analogs found
in many different chemical and pharmaceutical
substances. Following the synthesis and analysis of
each of these studies on the tetrazole derivative
preparation. Although there are many ways to
synthesize these tetrazoles, a green synthetic
method is quite effective. Particles with a distinct
view of the boundary of something at the nanoscale
are known as NPs, and they are less than 100 nm by
at least one magnitude. Using nanocatalysts is one
of the most popular green synthesis methods for
producing tetrazole derivatives. Nitrides and sodium
azide undergo [3+2] cycloaddition to complete these
syntheses. The utilization of green nanocatalysts in
the manufacturing of heterocycles with a specific
reaction type, high yield, quick reaction time, little
chemical consumption, and ease of operation are all
benefits. In the majority of operations, the utilized
catalyst may be readily removed and repurposed
without losing its catalytic activity from the reaction
mixture.

Tetrazole and its derivatives, belonging to the
nitrogen-containing heterocycle family, have a wide
range of biological actions, including antibacterial,
antifungal, anticancer, analgesic, anti-inflammatory,
antidiabetic, anti-hyperlipidemic, and antitubercular
effects. This review discusses the biological
relevance, uses, and distinctive qualities of tetrazole.
The many synthesis methods and varied biological
activities of substituted tetrazole derivatives are
reviewed in this inquiry. This study aimed to gather
the literature work offered by researchers on
tetrazole for their diverse biological actions, in
addition to reporting on current efforts done in this
area.

7. REFERENCES

1. Butler RN, Fox A, Collier S, Burke LA. Pentazole
chemistry: The mechanism of the reaction of
aryldiazonium chlorides with azide ion at —80 °C:
Concerted versus stepwise formation of
arylpentazoles, detection of a pentazene
intermediate, a combined 1H and 15N NMR
experimental and ab initio theoretical study. J Chem
Soc Perkin Trans 2 [Internet]. 1998 Jan
1;1998(10):2243-8. Available from: <URL>.

2. Jursic BS, Leblanc BW. Preparation of tetrazoles
from organic nitriles and sodium azide in micellar
media. ] Heterocycl Chem [Internet]. 1998 Mar
11;35(2):405-8. Available from: <URL>.

3. Izsdk D, Klapotke TM, Lutter FH, Pfliger C.
Tailoring the energetic properties of 5-(5-Amino-
1,2,3-triazol-4-yl)tetraz ole and ts derivatives by salt
formation: from sensitive primary to insensitive
secondary explosives. Eur J Inorg Chem [Internet].
2016 Apr 18;2016(11):1720-9. Available from:
<URL>.

4. Singh H, Singh Chawla A, Kapoor VK, Paul D,
Malhotra RK. Medicinal chemistry of tetrazoles. In:

REVIEW ARTICLE

Progress in Medicinal Chemistry [Internet]. Elsevier;
1980. p. 151-83. Available from: <URL>.

5. Okabayashi T, Kano H, Makisumi Y. Action of
substituted azaindolizines on microorganisms. I.
action on lactic acid bacteria. Chem Pharm Bull
[Internet]. 1960 Feb 25;8(2):157-62. Available
from: <URL>.

6. Sangal SK, Kumar A. Synthesis of some new
antifungal tetrazolyl sulfides. J. Ind. Chem. Soc.
1986; 63; 351-3.

7. Witkowski JT, Robins RK, Sidwell RW, Simon LN.
Design, synthesis, and broad spectrum antiviral
activity of 1-.beta.-D-ribofuranosyl-1,2,4-triazole-3-
carboxamide and related nucleosides. J Med Chem
[Internet]. 1972 Nov 1;15(11):1150-4. Available
from: <URL>.

8. Stewart KD, Loren S, Frey L, Otis E, Klinghofer V,
Hulkower KI. Discovery of a new cyclooxygenase-2
lead compound through 3-D database searching and
combinatorial chemistry. Bioorg Med Chem Lett
[Internet]. 1998 Mar 3,;8(5):529-34. Available from:
<URL>.

9. Ray SM, Lahiri SC. Studies on 5-(Indan-1’-yl)
tetrazoles as potential non-steroidal
antiinflammatory agents. ChemInform.
1990;21(46).

10. Goodman RP, Schaap IAT, Tardin CF, Erben CM,
Berry RM, Schmidt CF, et al. Rapid chiral assembly of
rigid DNA building blocks for molecular nanofab-
rication. Science [Internet]. 2005 Dec 9;310
(5754):1661-5. Available from: <URL>.

11. Regan BC, Aloni S, Jensen K, Ritchie RO, Zettl A.
Nanocrystal-powered nanomotor. Nano Lett
[Internet]. 2005 Sep 1;5(9):1730-3. Available from:
<URL>.

12. Grunes J, Zhu ], Somorjai GA. Catalysis and
nanoscience. Chem Commun [Internet]. 2003 Sep
2;3(18):2257-60. Available from: <URL>.

13. Somorjai GA, McCrea K. Roadmap for catalysis
science in the 21st century: A personal view of
building the future on past and present
accomplishments. Appl Catal A Gen [Internet]. 2001
Dec 20;222(1-2):3-18. Available from: <URL>.

14. Roy A, Bharadvaja N. Silver nanoparticle
synthesis from Plumbago zeylanica and its dye
degradation activity. Bioinspired, Biomim
Nanobiomaterials [Internet]. 2019 Jun 1;8(2):130-
40. Available from: <URL>.

15. Nacci A, Cioffi N. Nano-catalysts and nano-
technologies for green organic synthesis. Molecules
[Internet]. 2011 Feb 9;16(2):1452-3. Available
from: <URL>.

16. Patil A, Mishra V, Thakur S, Riyaz B, Kaur A,
Khursheed R, et al. Nanotechnology derived
nanotools in biomedical perspectives: An update.
Curr Nanosci [Internet]. 2019 Apr 26;15(2):137-46.
Available from: <URL>.

1509


https://xlink.rsc.org/?DOI=a804040k
https://onlinelibrary.wiley.com/doi/10.1002/jhet.5570350224
https://chemistry-europe.onlinelibrary.wiley.com/doi/10.1002/ejic.201600108
https://linkinghub.elsevier.com/retrieve/pii/S0079646808701590
http://www.jstage.jst.go.jp/article/cpb1958/8/2/8_2_157/_article
https://pubs.acs.org/doi/abs/10.1021/jm00281a014
https://linkinghub.elsevier.com/retrieve/pii/S0960894X98000687
https://www.science.org/doi/10.1126/science.1120367
https://pubs.acs.org/doi/10.1021/nl0510659
https://xlink.rsc.org/?DOI=b305719b
https://linkinghub.elsevier.com/retrieve/pii/S0926860X01008250
https://www.icevirtuallibrary.com/doi/10.1680/jbibn.18.00036
https://www.mdpi.com/1420-3049/16/2/1452
https://www.eurekaselect.com/161583/article

Khdir JAS et al. JOTCSA. 2024; 11(4): 1495-1514

17. Jeevanandam J], Barhoum A, Chan YS, Dufresne
A, Danquah MK. Review on nanoparticles and
nanostructured materials: History, sources, toxicity
and regulations. Beilstein J Nanotechnol [Internet].
2018 Apr 3;9(1):1050-74. Available from: <URL>.

18. Tan YY, Yap PK, Xin Lim GL, Mehta M, Chan Y, Ng
SW, et al. Perspectives and advancements in the
design of nanomaterials for targeted cancer
theranostics. Chem Biol Interact [Internet]. 2020
Sep 25;329:109221. Available from: <URL>.

19. Senanayake SD, Stacchiola D, Rodriguez JA.
Unique properties of ceria nanoparticles supported
on metals: Novel inverse ceria/copper catalysts for
CO oxidation and the water-gas shift reaction. Acc
Chem Res [Internet]. 2013 Aug 20;46(8):1702-11.
Available from: <URL>.

20. Zahin N, Anwar R, Tewari D, Kabir MT, Sajid A,
Mathew B, et al. Nanoparticles and its biomedical
applications in health and diseases: Special focus on
drug delivery. Environ Sci Pollut Res [Internet]. 2020
Jun 11;27(16):19151-68. Available from: <URL>.

21. C. Thomas S, Harshita, Kumar Mishra P,
Talegaonkar S. Ceramic nanoparticles: Fabrication
methods and applications in drug delivery. Curr
Pharm Desig [Internet]. 2015;21(42):6165-88.
Available from: <URL>.

22. Chaudhary RG, Bhusari GS, Tiple AD, Rai AR,
Somkuvar SR, Potbhare AK, et al. Metal/metal oxide
nanoparticles: Toxicity, applications, and future
prospects. Curr Pharm Des [Internet]. 2019 Dec
17;25(37):4013-29. Available from: <URL>.

23. Loomba L, Scarabelli T. Metallic nanoparticles and
their medicinal potential. Part II: Aluminosilicates,
nanobiomagnets, quantum dots and cochleates. Ther
Deliv [Internet]. 2013 Sep 11;4(9):1179-96.
Available from: <URL>.

24. Mishra V, Bansal KK, Verma A, Yadav N, Thakur
S, Sudhakar K, et al. Solid lipid nanoparticles:
Emerging colloidal nano drug delivery systems.
Pharmaceutics [Internet]. 2018 Oct 18;10(4):191.
Available from: <URL>.

25. Puente Santiago AR, Fernandez-Delgado O,
Gomez A, Ahsan MA, Echegoyen L. Fullerenes as key
components for low-dimensional (photo)electro-
catalytic nanohybrid materials. Angew Chem Int Ed
[Internet]. 2021 Jan 4;60(1):122-41. Available
from: <URL>.

26. Tajzad I, Ghasali E. Production methods of CNT-
reinforced al matrix composites: A review. J Compos
Compd [Internet]. 2020 Feb 1;2(1):1-9. Available
from: <URL>.

27. Candelaria SL, Shao Y, Zhou W, Li X, Xiao J,
Zhang ]G, et al. Nanostructured carbon for energy
storage and conversion. Nano Energy [Internet].
2012 Mar 1;1(2):195-220. Available from: <URL>.

28. Yan K, Chen A. Efficient hydrogenation of
biomass-derived furfural and levulinic acid on the
facilely synthesized noble-metal-free Cu-Cr catalyst.

REVIEW ARTICLE

Energy [Internet]. 2013 Sep 1;58:357-63. Available
from: <URL>.

29. Choudary BM, Mulukutla RS, Klabunde K1.
Benzylation of aromatic compounds with different
crystallites of MgO. J Am Chem Soc [Internet]. 2003
Feb 1;125(8):2020-1. Available from: <URL>.

30. Kreibig U, Vollmer M. Optical properties of metal
clusters [Internet]. Berlin, Heidelberg: Springer
Berlin Heidelberg; 1995. (Springer Series in
Materials Science; vol. 25). Available from: <URL>.

31. Liz-Marzan LM. Tailoring surface plasmons
through the morphology and assembly of metal
nanoparticles. Langmuir [Internet]. 2006 Jan
1;22(1):32-41. Available from: <URL>.

32. Tao AR, Habas S, Yang P. Shape control of
colloidal metal nanocrystals. Small [Internet]. 2008
Mar 3;4(3):310-25. Available from: <URL>.

33. Toshima N, Yonezawa T. Bimetallic
nanoparticles—novel materials for chemical and
physical applications. New J Chem [Internet]. 1998
Jan 1;22(11):1179-201. Available from: <URL>.

34. Gladysz JA. Recoverable catalysts. Ultimate
goals, criteria of evaluation, and the green chemistry
interface. Pure Appl Chem [Internet]. 2001 Aug
1;73(8):1319-24. Available from: <URL>.

35. Sharma N, Ojha H, Bharadwaj A, Pathak DP,
Sharma RK. Preparation and catalytic applications of
nanomaterials: A review. RSC Adv [Internet]. 2015
Jun 15;5(66):53381-403. Available from: <URL>.

36. Kajbafvala A, Ghorbani H, Paravar A, Samberg JP,
Kajbafvala E, Sadrnezhaad SK. Effects of morphology
on photocatalytic performance of Zinc oxide
nanostructures synthesized by rapid microwave
irradiation methods. Superlattices Microstruct
[Internet]. 2012 Apr 1;51(4):512-22. Available
from: <URL>.

37. Mazloumi M, Shahcheraghi N, Kajbafvala A,
Zanganeh S, Lak A, Mohajerani MS, et al. 3D bundles
of self-assembled lanthanum hydroxide nanorods via
a rapid microwave-assisted route. J Alloys Compd
[Internet]. 2009 Apr 3;473(1-2):283-7. Available
from: <URL>.

38. Bayati MR, Molaei R, Kajbafvala A, Zanganeh S,
Zargar HR, Janghorban K. Investigation on
hydrophilicity of micro-arc oxidized TiO2 nano/micro-
porous layers. Electrochim Acta [Internet]. 2010 Aug
1;55(20):5786-92. Available from: <URL>.

39. Kajbafvala A, Samberg JP, Ghorbani H, Kajbafvala
E, Sadrnezhaad SK. Effects of initial precursor and
microwave irradiation on step-by-step synthesis of
zinc oxide nano-architectures. Mater Lett [Internet].
2012 Jan 15;67(1):342-5. Available from: <URL>.

40. Zanganeh S, Kajbafvala A, Zanganeh N, Molaei
R, Bayati MR, Zargar HR, et al. Hydrothermal
synthesis and characterization of TiO, nanostructures
using LIOH as a solvent. Adv Powder Technol

1510


https://www.beilstein-journals.org/bjnano/articles/9/98
https://linkinghub.elsevier.com/retrieve/pii/S0009279720310231
https://pubs.acs.org/doi/10.1021/ar300231p
http://link.springer.com/10.1007/s11356-019-05211-0
https://www.ingentaconnect.com/content/ben/cpd/2015/00000021/00000042/art00011
http://www.eurekaselect.com/176519/article
https://www.tandfonline.com/doi/full/10.4155/tde.13.74
https://www.mdpi.com/1999-4923/10/4/191
https://onlinelibrary.wiley.com/doi/10.1002/anie.202009449
https://jourcc.com/index.php/jourcc/article/view/jcc211
https://linkinghub.elsevier.com/retrieve/pii/S221128551100022X
https://linkinghub.elsevier.com/retrieve/pii/S0360544213004507
https://pubs.acs.org/doi/10.1021/ja0211757
http://link.springer.com/10.1007/978-3-662-09109-8
https://pubs.acs.org/doi/10.1021/la0513353
https://onlinelibrary.wiley.com/doi/10.1002/smll.200701295
https://xlink.rsc.org/?DOI=a805753b
https://www.degruyter.com/document/doi/10.1351/pac200173081319/html
https://xlink.rsc.org/?DOI=C5RA06778B
https://linkinghub.elsevier.com/retrieve/pii/S0749603612000249
https://linkinghub.elsevier.com/retrieve/pii/S0925838808008323
https://linkinghub.elsevier.com/retrieve/pii/S0013468610006985
https://linkinghub.elsevier.com/retrieve/pii/S0167577X11011360

Khdir JAS et al. JOTCSA. 2024; 11(4): 1495-1514

[Internet]. 2011 May 1;22(3):336-9. Available from:
<URL>.

41. Wittenberger SJ]. Recent developments in
tetrazole chemistry. A review. Org Prep Proced Int
[Internet]. 1994 Oct;26(5):499-531. Available from:
<URL>.

42. Patani GA, LaVoie EJ. Bioisosterism: A rational
approach in drug design. Chem Rev [Internet]. 1996
Jan 1;96(8):3147-76. Available from: <URL>.

43, Mittal R, Awasthi SK. Recent advances in the
synthesis of 5-substituted 1H-tetrazoles: A complete
survey (2013-2018). Synthesis [Internet]. 2019 Oct
1;51(20):3765-83. Available from: <URL>.

44, Liljebris C, Larsen SD, Ogg D, Palazuk BJ,
Bleasdale JE. Investigation of potential bioisosteric
replacements for the carboxyl groups of
peptidomimetic inhibitors of protein tyrosine
phosphatase 1B: Identification of a tetrazole-
containing inhibitor with cellular activity. J Med Chem
[Internet]. 2002 Apr 1;45(9):1785-98. Available
from: <URL>.

45. Herr RJ. 5-Substituted-1H-tetrazoles as
carboxylic acid isosteres: Medicinal chemistry and
synthetic methods. Bioorg Med Chem [Internet].
2002 Nov 1;10(11):3379-93. Available from:
<URL>.

46. Kraus JL. Isosterism and molecular modification
in drug design : Tetrazole analogue of GABA : Effects
on enzymes of the y-aminobutyrate system.
Pharmacol Res Commun [Internet]. 1983 Feb
1;15(2):183-9. Available from: <URL>.

47. Roh ], Vavrova K, Hrabalek A. Synthesis and
functionalization of  5-substituted tetrazoles.
European J Org Chem [Internet]. 2012 Nov
8;2012(31):6101-18. Available from: <URL>.

48. Alterman M, Hallberg A. Fast microwave-assisted
preparation of aryl and vinyl nitriles and the
corresponding tetrazoles from organo-halides. J Org
Chem [Internet]. 2000 Nov 1;65(23):7984-9.
Available from: <URL>.

49. Furmeier S, Metzger JO. Synthesis of new
heterocyclic fatty compounds. European J Org Chem
[Internet]. 2003 Mar 11;2003(5):885-93. Available
from: <URL>.

50. Gutmann B, Roduit J, Roberge D, Kappe CO.
Synthesis of 5-substituted 1H -tetrazoles from nitriles
and hydrazoic acid by using a safe and scalable high-
temperature microreactor approach. Angew Chemie
Int Ed [Internet]. 2010 Sep 17;49(39):7101-5.
Available from: <URL>.

51. Amantini D, Beleggia R, Fringuelli F, Pizzo F,
Vaccaro L. TBAF-catalyzed synthesis of 5-substituted
1H-tetrazoles under solventless conditions. J Org
Chem [Internet]. 2004 Apr 1;69(8):2896-8.
Available from: <URL>.

52. Myznikov L V., Roh J, Artamonova T V., Hrabalek
A, Koldobskii GI. Tetrazoles: LI. Synthesis of 5-

REVIEW ARTICLE

substituted tetrazoles under microwave activation.
Russ J Org Chem [Internet]. 2007 May;43(5):765-
7. Available from: <URL>.

53. Sajjadi M, Nasrollahzadeh M, Ghafuri H, Baran T,
Orooji Y, Baran NY, et al. Modified chitosan-zeolite
supported Pd nanoparticles: A reusable catalyst for
the synthesis of 5-substituted-1H-tetrazoles from
aryl halides. Int J Biol Macromol [Internet]. 2022 Jun
1;,209:1573-85. Available from: <URL>.

54. Himo F, Demko ZP, Noodleman L, Sharpless KB.
Mechanisms of tetrazole formation by addition of
azide to nitriles. J Am Chem Soc [Internet]. 2002 Oct
1;124(41):12210-6. Available from: <URL>.

55. Esirden I, Erken E, Kaya M, Sen F. Monodisperse
Pt NPs@rGO as highly efficient and reusable
heterogeneous catalysts for the synthesis of 5-
substituted 1H-tetrazole derivatives. Catal Sci
Technol [Internet]. 2015 Aug 17;5(9):4452-7.
Available from: <URL>.

56. Abdollahi-Alibeik M, Moaddeli A. Multi-component
one-pot reaction of aldehyde, hydroxylamine and
sodium azide catalyzed by Cu-MCM-41
nanoparticles: A novel method for the synthesis of 5-
substituted 1H-tetrazole derivatives. New J Chem
[Internet]. 2015 Mar 5;39(3):2116-22. Available
from: <URL>.

57. Kumar A, Kumar S, Khajuria Y, Awasthi SK. A
comparative study between heterogeneous stannous
chloride loaded silica nanoparticles and a
homogeneous stannous chloride catalyst in the
synthesis of 5-substituted 1H-tetrazole. RSC Adv
[Internet]. 2016 Aug 8;6(79):75227-33. Available
from: <URL>.

58. Nasrollahzadeh M, Nezafat Z, Bidgoli NSS, Shafiei
N. Use of tetrazoles in catalysis and energetic
applications: Recent developments. Mol Catal
[Internet]. 2021 Aug 1;513:111788. Available from:
<URL>.

59. Razavi N, Akhlaghinia B. Cu(ii) immobilized on
aminated epichlorohydrin activated silica (CAES): as
a new, green and efficient nanocatalyst for
preparation of 5-substituted-1H-tetrazoles. RSC Adv
[Internet]. 2015 Jan 20;5(16):12372-81. Available
from: <URL>.

60. Yildiz Y, Esirden I, Erken E, Demir E, Kaya M, Sen
F. Microwave (Mw)-assisted synthesis of 5-
substituted 1H-tetrazoles via [3+2] cycloaddition
catalyzed by Mw-Pd/Co nanoparticles decorated on
multi-walled carbon nanotubes. ChemistrySelect
[Internet]. 2016 Jun 9;1(8):1695-701. Available
from: <URL>.

61. Benson FR. The chemistry of the tetrazoles.
Chem Rev [Internet]. 1947 Aug 1;41(1):1-61.
Available from: <URL>.

62. Hantzsch A, Vagt A. Ueber das sogenannte
diazoguanidin. Justus Liebigs Ann Chem [Internet].
1901 Jan 24;314(3):339-69. Available from:
<URL>.

1511


https://linkinghub.elsevier.com/retrieve/pii/S0921883110000774
http://www.tandfonline.com/doi/abs/10.1080/00304949409458050
https://pubs.acs.org/doi/10.1021/cr950066q
http://www.thieme-connect.de/DOI/DOI?10.1055/s-0037-1611863
https://pubs.acs.org/doi/10.1021/jm011100y
https://linkinghub.elsevier.com/retrieve/pii/S0968089602002390
https://linkinghub.elsevier.com/retrieve/pii/S0031698983800605
https://chemistry-europe.onlinelibrary.wiley.com/doi/10.1002/ejoc.201200469
https://pubs.acs.org/doi/10.1021/jo0009954
https://chemistry-europe.onlinelibrary.wiley.com/doi/10.1002/ejoc.200390134
https://onlinelibrary.wiley.com/doi/10.1002/anie.201003733
https://pubs.acs.org/doi/10.1021/jo0499468
http://link.springer.com/10.1134/S107042800705020X
https://linkinghub.elsevier.com/retrieve/pii/S0141813022007826
https://pubs.acs.org/doi/10.1021/ja0206644
https://xlink.rsc.org/?DOI=C5CY00864F
https://xlink.rsc.org/?DOI=C4NJ01042F
https://xlink.rsc.org/?DOI=C6RA14352K
https://linkinghub.elsevier.com/retrieve/pii/S2468823121004053
https://xlink.rsc.org/?DOI=C4RA15148H
https://chemistry-europe.onlinelibrary.wiley.com/doi/10.1002/slct.201600265
https://pubs.acs.org/doi/abs/10.1021/cr60128a001
https://chemistry-europe.onlinelibrary.wiley.com/doi/10.1002/jlac.19013140307

Khdir JAS et al. JOTCSA. 2024; 11(4): 1495-1514

63. Mihina JS, Herbst RM. The reaction of nitriles with
hydrazoic acid: Synthesis of monosubstituted
tetrazoles. J Org Chem [Internet]. 1950 Sep
1;15(5):1082-92. Available from: <URL>.

64. Herbst RM, Wilson KR. Apparent acidic
dissociation of some 5-aryltetrazoles 1. J Org Chem
[Internet]. 1957 Oct 1;22(10):1142-5. Available
from: <URL>.

65. Finnegan WG, Henry RA, Lofquist R. An improved
synthesis of 5-substituted tetrazoles. J Am Chem Soc
[Internet]. 1958 Aug 1;80(15):3908-11. Available
from: <URL>.

66. Kumar A, Narayanan R, Shechter H.
Rearrangement reactions of (hydroxyphenyl)
carbenes. J Org Chem [Internet]. 1996 Jan

1;61(13):4462-5. Available from: <URL>.

67. Demko ZP, Sharpless KB. Preparation of 5-
substituted 1H-tetrazoles from nitriles in water. J Org
Chem [Internet]. 2001 Nov 1;66(24):7945-50.
Available from: <URL>.

68. Lakshmi Kantam M, Kumar KBS, Sridhar C.
Nanocrystalline ZnO as an efficient heterogeneous
catalyst for the synthesis of 5-substituted 1H-
tetrazoles. Adv Synth Catal [Internet]. 2005 Jul
19;347(9):1212-4. Available from: <URL>.

69. Kumar A, Ramani T, Sreedhar B. Magnetically
separable CuFe;04 nanoparticles in PEG: A recyclable
catalytic system for the amination of aryl iodides.
Synlett. 2013;24(8):938-42.

70. Rama V, Kanagaraj K, Pitchumani K. Syntheses
of 5-substituted 1H-tetrazoles catalyzed by reusable
CoY zeolite. J Org Chem [Internet]. 2011 Nov
4;76(21):9090-5. Available from: <URL>.

71. Dehghani F, Sardarian AR, Esmaeilpour M. Salen
complex of Cu(Il) supported on superparamagnetic

Fes04@SiO, nanoparticles: An efficient and
recyclable catalyst for synthesis of 1- and 5-
substituted 1H-tetrazoles. ] Organomet Chem

[Internet]. 2013 Oct 15;743:87-96. Available from:
<URL>.

72. Mani P, Sharma C, Kumar S, Awasthi SK. Efficient
heterogeneous silver nanoparticles catalyzed one-
pot synthesis of 5-substituted 1H-tetrazoles. J Mol
Catal A Chem [Internet]. 2014 Oct 1;392:150-6.
Available from: <URL>.

73. Dallinger D, Kappe CO. Microwave-assisted
synthesis in water as solvent. Chem Rev [Internet].
2007 Jun 1;107(6):2563-91. Available from:
<URL>.

74. de la Hoz A, Loupy A. Microwaves in organic
synthesis [Internet]. John Wiley & Sons; 2013.
Available from: <URL>.

75. Roberts BA, Strauss CR. Toward rapid, “green”,
predictable microwave-assisted synthesis. Acc Chem
Res [Internet]. 2005 Aug 1;38(8):653-61. Available
from: <URL>.

REVIEW ARTICLE

76. Yoneyama H, Usami Y, Komeda S, Harusawa S.
Efficient transformation of inactive nitriles into 5-

substituted 1H-tetrazoles using microwave
irradiation and their applications. Synthesis
[Internet]. 2013;45(8):1051-9. Available from:
<URL>.

77. Shelkar R, Singh A, Nagarkar J. Amberlyst-15
catalyzed synthesis of 5-substituted 1-H-tetrazole
via [3+2] cycloaddition of nitriles and sodium azide.
Tetrahedron Lett [Internet]. 2013 Jan 2;54(1):106-
9. Available from: <URL>.

78. Sridhar M, Mallu KKR, Jillella R, Godala KR,
Beeram CR, Chinthala N. One-step synthesis of 5-
substituted 1H-tetrazoles from an aldehyde by
reaction with acetohydroxamic acid and sodium azide
under Bi (OTf) 3 catalysis. Synthesis [Internet].
2013;45(4):507-10. Available from: <URL>.

79. Fazeli A, Oskooie HA, Beheshtiha YS, Heravi MM,
Valizadeh H, Bamoharram FF. Heteropolyacid
catalyzed click synthesis of 5-substituted 1H-
tetrazoles from [bmim]Ns and nitriles under solvent-
free conditions. Monatshefte fiir Chemie - Chem Mon
[Internet]. 2013 Sep 12;144(9):1407-10. Available
from: <URL>.

80. Rekunge DS, Indalkar KS, Chaturbhuj GU.
Activated Fuller’'s earth as an inexpensive, eco-
friendly, efficient catalyst for the synthesis of 5-aryl
1-H-tetrazole via [3+2] cycloaddition of nitriles and
sodium azide. Tetrahedron Lett [Internet]. 2016 Dec
21,;57(51):5815-9. Available from: <URL>.

81. Kolo K, Sajadi SM. An efficient synthesis of 5-
alkylthio and 5-arylthiotetrazoles using Fes3O4
nanoparticles as a magnetically recoverable and
reusable catalyst. Lett Org Chem [Internet].
2013;10:688-92. Available from: <URL>.

82. Sharghi H, Ebrahimpourmoghaddam S,
Doroodmand MM. Facile synthesis of 5-substituted-
1H-tetrazoles and 1-substituted-1H-tetrazoles
catalyzed by recyclable 4’-phenyl-2,2:6’,2"-
terpyridine copper(II) complex immobilized onto
activated multi-walled carbon nanotubes. ]
Organomet Chem [Internet]. 2013 Aug 15;738:41-
8. Available from: <URL>.

83. Esmaeilpour M, Sardarian AR, Firouzabadi H. N-
heterocyclic carbene-Pd(II) complex based on
theophylline supported on Fe3z04@Si0>
nanoparticles: Highly  active, durable and
magnetically separable catalyst for green Suzuki-
Miyaura and  Sonogashira-Hagihara  coupling
reactions. J Organomet Chem [Internet]. 2018 Oct
15;873:22-34. Available from: <URL>.

84. Kumar S, Kumar A, Agarwal A, Awasthi SK.
Synthetic application of gold nanoparticles and auric
chloride for the synthesis of 5-substituted 1H-
tetrazoles. RSC Adv [Internet]. 2015 Feb
24;5(28):21651-8. Available from: <URL>.

85. Abrishami F, Ebrahimikia M, Rafiee F. Facile
synthesis of 5-substituted-1H-tetrazoles catalyzed
by reusable nickel zirconium phosphate

1512


https://pubs.acs.org/doi/abs/10.1021/jo01151a027
https://pubs.acs.org/doi/abs/10.1021/jo01361a002
https://pubs.acs.org/doi/abs/10.1021/ja01548a028
https://pubs.acs.org/doi/10.1021/jo952269k
https://pubs.acs.org/doi/10.1021/jo010635w
https://onlinelibrary.wiley.com/doi/10.1002/adsc.200505011
https://pubs.acs.org/doi/10.1021/jo201261w
https://linkinghub.elsevier.com/retrieve/pii/S0022328X13004609
https://linkinghub.elsevier.com/retrieve/pii/S1381116914002052
https://pubs.acs.org/doi/10.1021/cr0509410
https://books.google.com.tr/books?hl=tr&lr=&id=tUs5etGPhjkC&oi=fnd&pg=PA31&dq=74.%09de+la+Hoz+A,+Loupy+A.+Microwaves+in+organic+synthesis:+John+Wiley+%26+Sons%3B+2013.&ots=48-B-vvx00&sig=CFWFg50BXSB3ltzrl3xql_4PyrY&redir_esc=y#v=onepage&q=74.%09de la Hoz A%2C Loupy A. Microwaves in organic synthesis%3A John Wiley %26 Sons%3B 2013.&f=false
https://pubs.acs.org/doi/10.1021/ar040278m
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0032-1318476
https://linkinghub.elsevier.com/retrieve/pii/S0040403912018977
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0032-1318108
http://link.springer.com/10.1007/s00706-013-1025-4
https://linkinghub.elsevier.com/retrieve/pii/S0040403916315179
https://www.soran.edu.iq/images/staff/Dr-Sajadi/Sajadi10.pdf
https://linkinghub.elsevier.com/retrieve/pii/S0022328X1300288X
https://linkinghub.elsevier.com/retrieve/pii/S0022328X18303929
https://xlink.rsc.org/?DOI=C4RA13461C

Khdir JAS et al. JOTCSA. 2024; 11(4): 1495-1514

nanocatalyst. Iran J Catal [Internet]. 2024 Feb

3;6(3):245-51. Available from: <URL>.

86. Erken E, Esirden I, Kaya M, Sen F. A rapid and
novel method for the synthesis of 5-substituted 1H-
tetrazole catalyzed by exceptional reusable
monodisperse Pt NPs@AC under the microwave
irradiation. RSC Adv [Internet]. 2015 Aug
11;5(84):68558-64. Available from: <URL>.

87. Safaei-Ghomi ], Paymard-Samani S. Facile and
rapid synthesis of 5-substituted 1H-tetrazoles VIA a
multicomponent domino reaction using nickel(II)
oxide nanoparticles as catalyst. Chem Heterocycl
Compd [Internet]. 2015 Feb 6;50(11):1567-74.
Available from: <URL>.

88. Esmaeilpour M, Javidi ], Nowroozi Dodeji F,
Mokhtari Abarghoui M. Facile synthesis of 1- and 5-
substituted 1H-tetrazoles catalyzed by recyclable
ligand complex of copper(II) supported on
superparamagnetic Fe304,@SiO; nanoparticles. J Mol
Catal A Chem [Internet]. 2014 Nov 1;393:18-29.
Available from: <URL>.

89. Kumar Akula R, S. Adimulam C, Gangaram S,
Kengiri R, Banda N, R. Pamulaparthy S. CuFe,O4
Nanoparticle mediated method for the synthesis of 5-
substituted 1H-tetrazoles from (E)-aldoximes. Lett
Org Chem [Internet]. 2014 Apr;11(6):440-5.
Available from: <URL>.

90. Zamani L, Mirjalii BBF, Zomorodian K,
Zomorodian S. Synthesis and characterization of 5-
substituted 1H-tetrazoles in the presence of nano-
TiCl4.Si03. South African ] Chem [Internet].
2015;68:133-7. Available from: <URL>.

91. Zarghani M, Akhlaghinia B. Magnetically
separable  Fe3Os@chitin  as an  eco-friendly
nanocatalyst with high efficiency for green synthesis
of 5-substituted-1H-tetrazoles under solvent-free
conditions. RSC Adv [Internet]. 2016 Mar
29;6(38):31850-60. Available from: <URL>.

92. Ghorbani-Choghamarani A, Shiri L, Azadi G. The
first report on the eco-friendly synthesis of 5-
substituted 1H-tetrazoles in PEG catalyzed by Cu(ii)
immobilized on Fe;0,@SiO,@ I-arginine as a novel,
recyclable and non-corrosive catalyst. RSC Adv
[Internet]. 2016 Apr 4;6(39):32653-60. Available
from: <URL>.

93. Soltani Rad MN, Behrouz S, Sadeghi Dehchenari
V, Hoseini SJ]. Cu/Graphene/Clay nanohybrid: A
highly efficient heterogeneous nanocatalyst for
synthesis of new 5-substituted-1H-tetrazole
derivatives tethered to bioactive N -heterocyclic
cores. ] Heterocycl Chem [Internet]. 2017 Jan
18;54(1):355-65. Available from: <URL>.

94. Nikoorazm M, Ghorbani-Choghamaranai A,
Khanmoradi M, Moradi P. Synthesis and
characterization of Cu(Il)-Adenine-MCM-41 as stable
and efficient mesoporous catalyst for the synthesis of
5-substituted 1H-tetrazoles and 1H-indazolo [1,2-
blphthalazine-triones. ] Porous Mater [Internet].
2018 Dec 1;25(6):1831-42. Available from: <URL>.

REVIEW ARTICLE

95. Sardarian AR, Eslahi H, Esmaeilpour M.
Copper(II) Complex supported on Fe30,@SiO;
coated by polyvinyl alcohol as reusable nanocatalyst
in N -arylation of amines and N(H) - heterocycles and
green synthesis of 1H-tetrazoles. ChemistrySelect
[Internet]. 2018 Feb 7;3(5):1499-511. Available
from: <URL>.

96. Moradi P, Ghorbani-Choghamarani A. Efficient
synthesis of 5-substituted tetrazoles catalysed by
palladium- S -methylisothiourea complex supported
on boehmite nanoparticles. Appl Organomet Chem
[Internet]. 2017 May 4;31(5):e3602. Available from:
<URL>.

97. Ram V], Sethi A, Nath M, Pratap R. The chemistry
of heterocycles: Nomenclature and chemistry of
three-to-five membered heterocycles [Internet]. The
Chemistry of Heterocycles: Nomenclature and
Chemistry of Three to Five Membered Heterocycles.
Elsevier; 2019. 1-489 p. Available from: <URL>.

98. Schocken MJ], Creekmore RW, Theodoridis G,
Nystrom GJ, Robinson RA. Microbial transformation
of the tetrazolinone herbicide F5231. Appl Environ
Microbiol [Internet]. 1989 May;55(5):1220-2.
Available from: <URL>.

99. Ariza-Roldan A, Lopez-Cardoso M, Tlahuext H,
Vargas-Pineda G, Roman-Bravo P, Acevedo-Quiroz M,
et al. Synthesis, characterization, and biological
evaluation of eight new organotin(IV) complexes
derived from (1R, 2S) ephedrinedithiocarbamate
ligand. Inorganica Chim Acta [Internet]. 2022 May
1;534:120810. Available from: <URL>.

100. Malik MA, Al-Thabaiti SA, Malik MA. Synthesis,
structure optimization and antifungal screening of
novel tetrazole ring bearing acyl-hydrazones. Int J
Mol Sci [Internet]. 2012 Aug 30;13(9):10880-98.
Available from: <URL>.

101. Muralikrishna S, Raveendrareddy P,
Ravindranath L, Harikrishna S, Jagadeeswara P.
Synthesis characterization and antitumor activity of
thiazole derivatives containing indole moiety
bearing-tetrazole. Der Pharma Chem [Internet].
2013;5(6):87-93. Available from: <URL>.

102. Bachar SC, Lahiri SC. Synthesis of chloro and
bromo substituted 5-(indan-1’-yl)tetrazoles and 5-
(indan-1'-yl)methyltetrazoles as possible analgesic
agents. Die Pharm - An Int J Pharm Sci [Internet].
2004;59(6):435-8. Available from: <URL>.

103. Ostrovskii VA, Koren AO. Alkylation and related
electrophilic reactions at endocyclic nitrogen atoms
in the chemistry of tetrazoles. Heterocycles
[Internet]. 2000 Jun 1;53(6):1421-48. Available
from: <URL>.

104. Mohite P B, Bhaskar VH. Potential
pharmacological activities of tetrazoles in the new
millennium. Int J PharmTech Res CODEN [Internet].
3(3):1557-66. Available from: <URL>.

105. Adamec J, Waisser K, Kunes J, Kaustova J. A
note on the antitubercular activities of 1-Aryl-5-
benzylsulfanyltetrazoles. Arch Pharm (Weinheim)

1513


https://oiccpress.com/ijc/article/view/3912
https://xlink.rsc.org/?DOI=C5RA11426H
http://link.springer.com/10.1007/s10593-014-1625-x
https://linkinghub.elsevier.com/retrieve/pii/S1381116914002477
http://www.eurekaselect.com/openurl/content.php?genre=article&issn=1570-1786&volume=11&issue=6&spage=440
https://www.ajol.info/index.php/sajc/article/view/122502
https://xlink.rsc.org/?DOI=C6RA07252F
https://xlink.rsc.org/?DOI=C6RA03023H
https://onlinelibrary.wiley.com/doi/10.1002/jhet.2591
http://link.springer.com/10.1007/s10934-018-0597-0
https://chemistry-europe.onlinelibrary.wiley.com/doi/10.1002/slct.201702452
https://onlinelibrary.wiley.com/doi/10.1002/aoc.3602
https://linkinghub.elsevier.com/retrieve/pii/C20150059901
https://journals.asm.org/doi/10.1128/aem.55.5.1220-1222.1989
https://linkinghub.elsevier.com/retrieve/pii/S0020169322000226
https://www.mdpi.com/1422-0067/13/9/10880
https://www.derpharmachemica.com/pharma-chemica/synthesis-characterization-and-antitumor-activity-of-thiazole-derivatives-containing-indole-moiety-bearingtetrazole.pdf
https://www.ingentaconnect.com/content/govi/pharmaz/2004/00000059/00000006/art00003
https://triggered.stanford.clockss.org/ServeContent?doi=10.3987%2Frev-00-530
https://www.sphinxsai.com/Vol.3No.3/pharm/pdf/PT=51(1557-1566)JS11.pdf

Khdir JAS et al. JOTCSA. 2024; 11(4): 1495-1514

[Internet]. 2005 Aug 1;338(8):385-9. Available
from: <URL>.

106. Katritzky AR, Jaina R, Petrukhin R, Denisenko S,
Schelenz T. QSAR correlations of the algistatic
Activity of 5-Amino-1-Aryl-1H-Tetrazoles. SAR QSAR
Environ Res [Internet]. 2001 Jun 1;12(3):259-66.
Available from: <URL>.

107. Li Y, Li PK, Roberts MJ, Arend RC, Samant RS,
Buchsbaum DJ. Multi-targeted therapy of cancer by
niclosamide: A new application for an old drug.
Cancer Lett [Internet]. 2014 Jul 10;349(1):8-14.
Available from: <URL>.

108. Berquin IM, Edwards 1J, Chen YQ. Multi-
targeted therapy of cancer by omega-3 fatty acids.
Cancer Lett [Internet]. 2008 Oct 8;269(2):363-77.
Available from: <URL>.

109. Block KI, Gyllenhaal C, Lowe L, Amedei A, Amin
ARMR, Amin A, et al. Designing a broad-spectrum
integrative approach for cancer prevention and
treatment. Semin Cancer Biol [Internet]. 2015 Dec
1;35:5276-304. Available from: <URL>.

110. Shamsuzzaman, Asif M, Ali A, Mashrai A,
Khanam H, Sherwani A, et al. Synthesis and
biological evaluation of steroidal tetrazoles as
antiproliferative and antioxidant agents. Chem Bull
[Internet]. 2014;3(11):1075-80. Available from:
<URL>.

111. Arshad M, Bhat AR, Pokharel S, Kim JE, Lee EJ,
Athar F, et al. Synthesis, characterization and
anticancer screening of some novel piperonyl-
tetrazole derivatives. Eur J Med Chem [Internet].
2014 Jan 7;71:229-36. Available from: <URL>.

112. Bhaskar VH, Mohite PB. Synthesis,
characterization and evaluation of anticancer activity
of some tetrazole derivatives. ] Optoelectron Biomed
Mater [Internet]. 2(4):249-59. Available from:
<URL>.

113. Upadhayaya RS, Sinha N, Jain S, Kishore N,
Chandra R, Arora SK. Optically active antifungal
azoles: Synthesis and antifungal activity of (2R,3S)-
2-(2,4-difluorophenyl)-3-(5-{2-[4-aryl-piperazin-1-
yl]-ethyl}-tetrazol-2-yl/1-yl)-1-[1,2,4]-triazol-1-yl-

REVIEW ARTICLE

butan-2-ol. Bioorg Med Chem [Internet]. 2004 May
1;12(9):2225-38. Available from: <URL>.

114. Collin X, Sauleau A, Coulon J. 1,2,4-Triazolo
mercapto and aminonitriles as potent antifungal
agents. Bioorg Med Chem Lett [Internet]. 2003 Aug
4;13(15):2601-5. Available from: <URL>.

115. Mohareb RM, Ahmed HH, Elmegeed GA, Abd-
Elhalim MM, Shafic RW. Development of new indole-
derived neuroprotective agents. Bioorg Med Chem
[Internet]. 2011 May 1;19(9):2966-74. Available
from: <URL>.

116. Adibi H, Rashidi A, Khodaei MM, Alizadeh A,
Majnooni MB, Pakravan N, et al. Catecholthioether
derivatives: preliminary study of in-vitro
antimicrobial and antioxidant activities. Chem Pharm
Bull [Internet]. 2011 Sep 1;59(9):1149-52.
Available from: <URL>.

117. Gao YL, Zhao GL, Liu W, Shao H, Wang YL, Xu
WR, et al. Design, synthesis and in vivo hypoglycemic
activity of tetrazole-bearing N-glycosides as SGLT2
inhibitors. Ind J Chem 2010; 49B;1499-1508.

118. Muraglia E, Kinzel OD, Laufer R, Miller MD,
Moyer G, Munshi V, et al. Tetrazole thioacetanilides:
Potent non-nucleoside inhibitors of WT HIV reverse
transcriptase and its K103N mutant. Bioorg Med
Chem Lett [Internet]. 2006 May 15;16(10):2748-
52. Available from: <URL>.

119. Hutchinson DW, Naylor M. The antiviral activity
of tetrazole phosphonic acids and their analogues.
Nucleic Acids Res [Internet]. 1985 Dec
9;13(23):8519-30. Available from: <URL>.

120. Alam M, Nami SAA, Husain A, Lee DU, Park S.
Synthesis, characterization, X-ray diffraction,
antimicrobial and in vitro cytotoxicity studies of 7a-
Aza-B-homostigmast-5-eno [7a,7-d] tetrazole.
Comptes Rendus Chim [Internet]. 2013 Jan
18;16(3):201-6. Available from: <URL>.

121. Sun XY, Wei CX, Deng XQ, Sun ZG, Quan ZS.
Synthesis and primary anticonvulsant activity
evaluation of 6-alkyoxyl-tetrazolo[5,1-a]phthalazine
derivatives. Arzneimittelforschung [Internet]. 2011
Dec 2;60(06):289-92. Available from: <URL>.

1514


https://onlinelibrary.wiley.com/doi/10.1002/ardp.200400967
https://www.tandfonline.com/doi/full/10.1080/10629360108032915
https://linkinghub.elsevier.com/retrieve/pii/S0304383514002092
https://linkinghub.elsevier.com/retrieve/pii/S0304383508002565
https://linkinghub.elsevier.com/retrieve/pii/S1044579X15000887
http://epa.niif.hu/02200/02286/00032/pdf/EPA02286_chemical_2014_10-12_1075-1080.pdf
https://linkinghub.elsevier.com/retrieve/pii/S0223523413007423
https://d1wqtxts1xzle7.cloudfront.net/100981226/249_Bashkar-libre.pdf?1681244537=&response-content-disposition=inline%3B+filename%3DSynthesis_Characterization_and_Evaluatio.pdf&Expires=1727215691&Signature=Is4I61FLIicC5aOPN1W6XkDYkotX~tKkrOXzMWG1cCOe4xic6tgnaAwmCfM9KKCTdfgUixFY0FOUquanLTYvDs9cpWCrdxXdizWPBwFQcexyHmqKkSBu3XvvlVbN9CkxQXcSvrAnif8oQYqZduKrb~W2JyUNRmfSXLGvkHI~~TxO9rw~Z3DIss25UuPv5zJcdR7U1VBS7U8E7xQQ1bSNLh3Nwsd98Plg3U~fApisEaq3lqerqNjJlSPXru1JnpUQIcFiTOsPS9wkiMFq0tsJR9HepidN1qq649y1urqrakgZ-5cM65zjERK1CBrDXMBD7nFjFAoVNS~bT-rf0ZD3xQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://linkinghub.elsevier.com/retrieve/pii/S0968089604001269
https://linkinghub.elsevier.com/retrieve/pii/S0960894X03003780
https://linkinghub.elsevier.com/retrieve/pii/S0968089611002124
http://www.jstage.jst.go.jp/article/cpb/59/9/59_9_1149/_article
https://linkinghub.elsevier.com/retrieve/pii/S0960894X06002083
https://academic.oup.com/nar/article-lookup/doi/10.1093/nar/13.23.8519
https://comptes-rendus.academie-sciences.fr/chimie/articles/10.1016/j.crci.2012.12.018/
http://www.thieme-connect.de/DOI/DOI?10.1055/s-0031-1296289

