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1. Introduction

Benzotriazole derivatives are nitrogen-containing heterocycles that exhibit a broad spectrum of biological and
pharmacological actions, including antibacterial, antifungal, anticancer, anti-inflammatory, and analgesic characteristics. !-
3 Benzotriazole has attracted considerable attention across several scientific fields due to its varied usage and distinctive
chemical structure. It is categorized as a heterocyclic aromatic molecule, integrating a benzene ring with a triazole ring,
which confers critical attributes such as elevated thermal stability, UV absorbance, and corrosion resistance. “® Bioactivity
is a general characteristic attribute of nitrogen-containing five-membered heterocycles, including compounds such as
pyrroles, pyrazolines, azoles, oxazoles, triazoles, and others. These heterocycles exhibit a wide range of biological and
pharmacological activities due to their unique electronic properties and structural stability, making them highly relevant in
medicinal chemistry and drug design.”!? Furthermore, the pharmaceutical activity of nitrogen-containing five-membered
heterocycles can be significantly enhanced by the presence of nitro groups within the molecules. This structural modification
has been recently confirmed as an effective way to increase the bioactivity of these compounds, providing additional
pathways for drug development and therapeutic applications. '3!3

Benzotriazole is used for corrosion inhibition, polymer photo stabilization, medicinal chemistry, and electrochemical
sensing. It is widely used as a corrosion inhibitor, creating a protective coating on metal surfaces to avert harm. Its corrosion-
inhibiting characteristics are esteemed in industries like aerospace, automotive, and oil and gas. '6-20
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Benzotriazole and its derivatives function as UV absorbers, protecting polymers and coatings from UV radiation
damage; hence, they are essential in UV-sensitive applications such as coatings and epoxy resins. Their distinctive structure
has prompted investigations into the creation of innovative therapeutic agents, owing to their varied biological activities
and potential uses across several domains. 2'-?2 Extensive research has investigated the synthesis and functionalization of
benzotriazole derivatives, aiming to enhance their characteristics for targeted applications, including corrosion inhibition,
photo stabilization, and medicinal usage.?*->

Understanding the toxicological characteristics of benzotriazole is essential for evaluating its safety for human health
and environmental effects. Benzotriazole, with its multifunctional properties, continues to be a central element of innovation
in materials science, corrosion protection, and medicinal chemistry. 26-28
There are two tautomeric forms of benzotriazole (BTAH) that are made when protons move between nitrogen atoms (Fig.
1, Forms A and B)®. As early as 1860, Zonin studied azoxybenzene nitration. This led to the discovery of 2-
phenylbenzotriazole-1-oxide, which was written about by Werner and Stastny in 1899.3%3! In recent years, benzotriazole-
derived compounds have been developed for applications in chemical synthesis, materials science, water treatment, and
corrosion inhibition.*>** Considering the global increase in cancer mortality rates, with the World Health Organization
documenting 9.6 million deaths and 18.1 million cases per year, especially in poorer nations, benzotriazole derivatives
represent a significant basis for the development of novel treatments.
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Fig. 1. The two tautomeric forms in Hbta
2. Biological Activities of Benzotriazole Derivatives

Benzotriazole compounds have diverse biological actions, including antiviral, antifungal, anticancer, antitubercular, and
antioxidative properties. This section elucidates instances of essential chemicals and their distinct biological functions.

2.1. Benzotriazole as an Antiviral Agent

Research on benzotriazole-derived compounds has shown many potential antiviral medicines. Ibba et al. identified
compounds including (Compound 1)*¢ 2-(1H-benzo[d][1,2,3]triazol-1-yl)acetamide, which showed strong antiviral
activity against Coxsackievirus B5, with an MIC of 13 uM. This chemical obstructs viral replication by targeting viral RNA
polymerase, offering a potential basis for the advancement of antiviral treatments. N-(4-fluoro-1H-benzo[d][1,2,3]triazol-
1-yl)methyl)phenyl) Pivala- mide (Compound 2)*7 demonstrated significant suppression of the Seou! virus (SEOV) entrance
mechanism, exhibiting a minimum inhibitory concentration (MIC) of 4 pM. This chemical demonstrated significant
effectiveness in a cell-based experiment and has potential as a targeted antiviral drug. 5-(1H-benzo[d][1,2,3]triazol-1-yl)-
1H-tetrazole (Compound 3)*® was very good at killing Poliovirus-1, with an MIC of 9 pM. The method entails the
interruption of viral entrance and reproduction, demonstrating its extensive antiviral efficacy. Scheme 1 shows how these
benzotriazole-based antiviral medicines are made, with clear labels on each molecule to make them easy to find and help
with further research.
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Scheme 1. The Antiviral activity of Benzotriazole derivatives
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2.2. Benzotriazole as an antifungal agent

Benzotriazole derivatives demonstrate antifungal activity as well. Co (II) complexes with benzotriazole ligands, namely
N-(benzotriazole-1-yl)acetohydrazide (Compound 4)%, exhibited considerable antifungal activity, exceeding that of free
ligands against Candida albicans and Aspergillus niger. A palladium complex benzotriazole derivative (Compound 5)*
demonstrated a minimum inhibitory concentration (MIC) of 16 pg/mL against Aspergillus niger. Furthermore, the 2-(1H-
benzo[d][1,2,3]triazol-1-yl)acetohydrazide-Co(Il) complex (Compound 6)*' showed significant antifungal activity,
effectively inhibiting many fungal species, including Candida Alicante. Compound 2-(5-bromo-1H-benzo[d][1,2,3]triazol-
1-yl)acetamide (Compound 7), N-(4-methoxybenzylidene)-2-(1H-benzo[d][1,2,3]triazol-1-yl)acetohydrazide (Compound
8) and 3-(1H-benzo[d][1,2,3]triazol-1-yl)propanoic acid-Co(Il) complex (Compound 9) exhibited significant antifungal
activity against Aspergillus niger and Candida species at several doses*>. Additionally, the N-(4-chlorobenzyl)-2-(1H-
benzo[d][1,2,3]triazol-1-yl)acetamide (Compound 10)* demonstrates potent antifungal activity, significantly suppressing
fungal proliferation at low minimum inhibitory concentration (MIC) values against various pathogenic fungi. Scheme 2
delineates these antifungal drugs' synthesis pathways and reaction mechanisms, with each molecule appropriately cited for
clarity.
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Scheme 2. The Antifungal activity of Benzotriazole derivatives
2.3. Benzotriazole as an antineoplastic agent

Benzotriazole derivatives have shown significant potential as antineoplastic (anticancer) agents, with several
compounds demonstrating strong cytotoxic effects against various cancer cell lines. 2-(1H-benzo[d][1,2,3]triazol-1-yl)-N'-
(3,4, 5-trimethoxybenzylidene)acetohydrazide (Compound 11)* exhibited notable cytotoxicity across a range of cancer cell
lines, with a minimum inhibitory concentration (MIC) of 29 pg/mL, particularly effective against breast and colorectal
cancer cells. N'-(2-hydroxy-3-methoxybenzylidene)-2-(1H-benzo[d][1,2,3]triazol-1-yl)acetohydrazide (Compound 12)*
showed selective potency against stomach cancer cell lines, with a MIC ranging from 3.04 to 5.47 pg/mL, highlighting its
potential for targeted anticancer therapy. Additionally, the ruthenium(Il)-coordinated 2-(1H-benzo[d][1,2,3]triazol-1-
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ylacetohydrazide complex (Compound 13)* demonstrated a MIC of 200 pg/mL against Caco-2 colorectal cancer cells,
showing cytotoxic effects comparable to cisplatin while maintaining low toxicity against non-cancerous cells, which
suggests a favourable therapeutic index. Finally, N-benzyl-2-(1H-benzo[d][1,2,3]triazol-1-yl)acetamide (Compound 14)*
exhibited significant antiproliferative activity against breast and prostate cancer cell lines, with a MIC of 25 pg/mL,
positioning it as a promising candidate for further anticancer research. Scheme 3 provides the synthetic routes for these
benzotriazole-based antineoplastic agents.
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Scheme 3. The Anticancer activity of Benzotriazole derivatives
2.4. Benzotriazole as an antitubercular agent

Benzotriazole derivatives have surfaced as viable contenders in combating Mycobacterium tuberculosis (Mtb),
particularly in tackling drug-resistant strains. Numerous drugs have demonstrated significant antitubercular efficacy, as
evidenced by their minimum inhibitory concentration (MIC) values. 2-(1H-benzo[d][1,2,3]triazol-1-yl)thioacetamide
(Compound 15)*, which is, showed strong activity against the Mtb H37Rv strain, with an MIC of 15.5 pg/mL. This makes
it a promising candidate for further development in antitubercular therapies. N'-(4-fluorobenzylidene)-2-(1H-
benzo[d][1,2,3]triazol-1-yl)acetohydrazide (Compound 16)* effectively blocked Mycobacterium TB, with an MIC of 57.9
pg/mL, suggesting that it could be used as a moderately effective antitubercular agent. Additionally, (Compound 17)3® 3-
(1H-benzo[d][1,2,3]triazol-1-yl)phenylacetamide showed a minimum inhibitory concentration (MIC) of 16 pg/mL against
the Mtb H37Rv strain, indicating strong action that could be improved for better results. Finally, N-benzyl-2-(1H-
benzo[d][1,2,3]triazol-1-yl)acetamide (Compound 18)*° showed great antibacterial activity against many bacterial strains,
including Mtb, with a MIC of 21 pg/mL, suggesting that it could be used to fight a wide range of microbes. Scheme 4
shows how to make antitubercular chemicals from benzotriazoles. Each product is clearly labelled to make further research
and progress easier.

2.5. Benzotriazole as an antioxidant

Benzotriazole compounds have significant antioxidative capabilities, aiding in the neutralization of free radicals
associated with aging and other illnesses. Radical scavenging experiments have recognized numerous substances for their
potent antioxidant properties, measured by their minimum inhibitory concentration (MIC) values. PBT1, or 2-(1H-
benzo[d][1,2,3]triazol-1-yl)-N'-(3,4,5-trimethoxybenzylidene)acetohydrazide, (Compound 19)°! was the tested compound
that showed the highest antioxidant activity. Its minimum inhibitory concentration (MIC) was 98.52 pg/mL, which suggests
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that it could be used in treatments for oxidative stress. (Compound 20) N'-(2-hydroxy-3-methoxybenzylidene)-2-(1H-
benzo[d][1,2,3]triazol-1-yl)acetohydrazide showed strong antioxidant activity, with a MIC of 84.97 pg/mL, making it a
possible treatment for diseases connected to oxidative damage. N'-(4-hydroxy-3,5-dimethoxybenzylidene)-2-(1H-
benzo[d][1,2,3]triazol-1-yl)acetohydrazide (Compound 21) showed antioxidative properties with a minimum inhibitory
concentration of 92.22 pg/mL. It had a lot of free radical scavenging potential and could be used to fight inflammation or
ageing. In the end, N-(4-chlorobenzyl)-2-(1H-benzo[d][1,2,3]triazol-1-yl)acetamide (Compound 22) showed strong
antioxidant properties, with a MIC of 53.19 ug/mL.* This made it a very good antioxidant that could be used in medicine. In
Scheme 5, the steps for making these antioxidant benzotriazole derivatives are shown. Each molecule is clearly labeled to
make further research and use easier.
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Scheme 5. The antioxidative activity of Benzotriazole derivatives
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3. Reactions and Synthesis of Benzotriazole Derivatives

A convenient and efficient 4-step synthesis of Schiff bases 2-(1H-benzo[d][l,2,3]triazol-1-yl)-N'-(substituted
benzylidene)acetohydrazide demonstrated by Rahmani Salah Eddin et al. (See Scheme 6) 2!, the synthesis begins with the
preparation of benzotriazole ethyl acetate (compound 24) from benzotriazole (compound 23) via a nucleophilic substitution
reaction. This step involves the use of chloroethyl acetic acid and potassium carbonate as a base, with acetone as the solvent.
The second step consists of the hydrazinolysis of the ester group in benzotriazole ethyl acetate (compound 24), where
hydrazine hydrate reacts with benzotriazole ethyl acetate to produce 2-(1H-benzo[d][],2,3]triazol-1-yl)acetohydrazide
(compound 25). The final step is a condensation reaction where an equal amount of substituted aromatic aldehydes is added
to 2-(1H-benzo[d][1,2,3]triazol-1-yl)acetohydrazide (compound 25), forming Schiff bases (compound 26). The results
showed that all the compounds exhibit significant antioxidant activity. The Compounds substituted with electron-donating
groups like methoxy and hydroxyl showed higher antioxidant activity.3
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Scheme 6. The Synthesis of 2-(1H-Benzo[d][1,2,3] Triazol-1-yl)-N'-(Substituted Benzylidene)Acetohydrazide

Khan et al. have developed a way for the synthesis, in vitro a-glucosidase inhibition, and molecular docking examination
of the benzotriazole-based bis-Schiff base derivatives The synthesis starts with the reaction between benzotriazole
(compound 27) and substituted phenacyl bromide in the presence of triethylamine and ethanol, forming compound 28. This
step is a typical nucleophilic substitution where the benzotriazole acts as the nucleophile, attacking the electrophilic carbon
in the phenacyl bromide. The next step involves the reaction of compound 28 with hydrazine hydrate in a methanol/acetic
acid mixture, yielding compound 29. This process involves the substitution of the bromine atom with a hydrazone group,
again showcasing a nucleophilic substitution reaction. In the final step, compound 29 undergoes a condensation reaction
with an aldehyde (RCHO) in the presence of acetic acid, leading to the formation of the bis-Schiff base derivative
(compound 30). This step is a classic example of Schiff base formation, where the primary amine reacts with the aldehyde
to form an imine bond. the observation found that numerous of the compounds exhibited sturdy a-glucosidase inhibitory
interest, with IC50 values within the micromolar range. Molecular docking research was additionally accomplished to
analyse the binding interactions between the compounds and the a-glucosidase enzyme. The results of the docking studies
had been in exact settlement with the data on in vitro a-glucosidase inhibitory activity. (See Scheme 7).5
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Scheme 7. The Synthesis of benzotriazole-based bis-Schiff base analogs
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Bashir et al. investigated the reaction of Benzotriazole (compound 31) reacts with 2-chloro-N-(substituted phenyl)
acetamide (compound 32). This step involves a nucleophilic substitution where the nitrogen atom in benzotriazole attacks
the electrophilic carbon in 2-chloro-N-(substituted phenyl) acetamide, leading to the displacement of the chlorine atom. The
reaction produces the final product, 2-(1H-benzo[d][1,2,3]triazol-1-yl)-N-(substituted phenyl)acetamide (compound 32),
under reflux conditions in DMF with potassium carbonate (K-CO:s) as a base. The synthesized benzotriazole derivatives are
characterized using various analytical techniques such as IR, 'H NMR, *C NMR, and mass spectrometry, confirming their
structures. The compounds exhibit a broad spectrum of biological activities, including antibacterial, antifungal, antiviral,
anti-inflammatory, antihypertensive, and analgesic properties. (See Scheme 8). 5
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Scheme 8. The Synthesis of 2-(1H-benzo[d]1,2,3—triazole-1-yl)— N-(substituted phenyl) acetamide

Ibba et al. developed an effective method for producing benzo/d][1,2,3]triazol-1(2)-yl derivatives as potential antiviral
agents. Benzotriazole derivatives (compound 33) are reacted to form nitro-substituted intermediates (compounds
34,35,36,37,38). These nitro intermediates undergo reduction, using either methylhydrazine or hydrated hydrazine in the
presence of palladium on activated carbon. This reduction process converts the nitro groups to amines, leading to the
formation of the final compounds (compounds 39, 40, 41, 42). The reduction is catalysed by palladium on activated carbon
(10% Pd/C), a common catalyst for hydrogenation reactions. Ethanol is used as the solvent, and the reaction is conducted
under autoclave conditions at elevated temperatures (80-90°C), which facilitates the hydrogenation process. The
synthesized amine derivatives (compounds 39, 40, 41, 42) are investigated for their biological activity, particularly as
antiviral agents. Among them, compound N-(4-((4-fluoro-1H-benzo[d][1,2,3]triazol-1-yl)methyl)phenyl)pivalamide
exhibits promising activity against coxsackievirus B5. (See Scheme-9).56
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Shaya Yahya et al. described the synthesis of benzotriazole-1,2,3-triazole derivatives with potential anti-cancer interest.
The synthesis begins with the reaction of Benzotriazole (compound 43) with propargyl bromide, yielding an intermediate
acetylene derivative (compound 44) via alkylation. This acetylene derivative (44) is then subjected to a Cu(I)-catalyzed 1,3-
dipolar cycloaddition ("click" reaction) in the presence of DMSO and water, leading to the formation of triazole-containing
derivatives (45a-g, 46a-g). The traditional method involves refluxing the reaction mixture for around 6 hours, yielding the
products in 80-83%. Microwave irradiation significantly reduces the reaction time to just 2-6 minutes while achieving higher
yields (88-90%). The comparison between the conventional and microwave-assisted methods indicates that microwave-
assisted synthesis is more energy-efficient and time-saving, with better yields, demonstrating it as an effective strategy for
synthesizing benzotriazole derivatives. The synthesized benzotriazole derivatives (45a-g, 46a-g) are of interest due to their
potential anti-cancer properties, showcasing the importance of efficient synthesis methods (Scheme 10).5
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Scheme 10. The synthesis series of novel benzotriazolel,2,3-triazole.

Karagoz and co-workers give the synthetic pathway here involves the reaction of a hydrazide (compound 47) with an
isothiocyanate. Isothiocyanates are commonly used in organic synthesis for creating thiourea derivatives and related
compounds. This reaction likely proceeds through a nucleophilic attack on the isothiocyanate carbon, forming a thiourea
intermediate (compound 48). After the formation of the thiourea intermediate (compound 48), the reaction undergoes base-
mediated cyclization under the influence of sodium hydroxide (NaOH). This step typically involves the deprotonation of
the intermediate, leading to intramolecular cyclization and the formation of the final product (compound 49). The reaction
employs a strategy of ring closure, where the intermediate compound undergoes cyclization to form the triazole and
benzotriazole ring systems within the product (compound 49). This type of ring closure is often key in building heterocyclic
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frameworks. The synthesis is carried out under reflux in tetrahydrofuran (THF) for 5 hours. Reflux is a common technique
in organic synthesis to maintain the reaction at the solvent's boiling point, ensuring that the reaction proceeds efficiently.
(See Scheme-11).58
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Riyadh Ahmed effectively synthesized compound, N-(2H-Benzo[d][1,2,3]triazol-2-yl)-2-0x0-2H-chromene-3-
carboxamide The key reaction strategy involves the formation of an amide bond between the carboxylic acid group of 2-
oxo0-2H-chromene-3-carboxylic acid (compound 50) and the amine group of 2-amino benzotriazole (compound 51). This
type of coupling reaction is commonly employed in organic synthesis to link amino groups with carboxylic acids. DCC is
used as a coupling reagent in this synthesis. DCC activates the carboxylic acid, making it more reactive towards nucleophilic
attack by the amine group. This is a standard method in peptide synthesis and other applications requiring amide bond
formation. The reaction also involves HOBt, which is used to suppress side reactions and increase the yield of the desired
product. HOBL stabilizes the intermediate, leading to more efficient amide bond formation. The reaction is carried out at
room temperature (rt) for 72 hours. The extended reaction time allows for the completion of the coupling process under
mild conditions, which is often desirable for sensitive or complex molecules The product (compound 52) features a
heterocyclic amide, a structure that is significant in medicinal chemistry due to its potential biological activity. The coupling
reaction strategy employed here is specifically geared toward constructing this type of heterocyclic structure. Scheme-12.5
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Scheme 12. The synthesis of N-(2H-benzo[d][1,2,3]triazol-2-yl) -2-oxo-2H-chromene-3-carboxamide

Aziz Ibrahim successfully synthesized benzotriazole derivatives in this strategy, a primary aromatic amine is converted
into a diazonium salt, which serves as a versatile intermediate for various substitution reactions. Diazotization is particularly
useful in introducing aryl groups or forming azo compounds in benzotriazole derivatives. This approach involves the
cycloaddition of azides with alkynes to form triazoles, a type of heterocycle that is closely related to benzotriazoles. Azide
cycloaddition, often referred to as "click chemistry," is a reliable and efficient method for synthesizing triazole-containing
derivatives. Metal-catalyzed C-H activation is a powerful strategy for directly functionalizing C-H bonds in benzotriazoles.
This methodology allows for the formation of new C-C, C-N, or C-O bonds, enabling the introduction of various functional
groups into the benzotriazole core. The specific synthesis of benzotriazole derivatives described in the text involves the
formation of thioester bonds. In this methodology, benzotriazole (53) is reacted with thioacetyl chloride (54) in the presence
of dry dioxane and triethylamine (TEA), leading to the formation of thioester-linked derivatives (55). This approach is
significant for its role in enhancing the antibacterial activity of the synthesized compounds. (Scheme-13).%
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Banacer Himmi and his co-workers gave the synthesis depicted in the reaction involves a Mannich reaction, which is a
classical three-component reaction where an aldehyde (in this case, paraformaldehyde) reacts with a compound containing
an active hydrogen atom (quinoline derivative 56) and an amine (benzotriazole 57). The Mannich reaction is well-known
for its ability to form carbon-nitrogen bonds, which are essential in the construction of complex nitrogen-containing
heterocycles such as quinoline derivatives. Benzotriazole (57) is used in this synthesis as a reactant to introduce a nitrogen-
rich moiety into the quinoline framework. Benzotriazole-based reactions are highly versatile and are commonly employed
in the synthesis of various heterocyclic compounds due to their stability and reactivity. The reaction is carried out under
reflux conditions in ethanol (EtOH) for 5 hours, which is a typical procedure to ensure the reaction goes to completion by
maintaining the temperature and solvent under a controlled state. The resulting product, compound (58) a quinoline
derivative (DD2), is obtained with a yield of 30%. The structure of the compound is characterized using spectroscopic
methods and single-crystal X-ray diffraction, which provides detailed information about the molecular structure.
Additionally, molecular docking studies are employed to investigate the potential activity of DD2 against SARS-CoV-2
targets, demonstrating its relevance in antiviral research. (Scheme-14).%!
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Scheme 14. The Synthesis of, (DD2) derivative

Ambekar et al. reported the synthesis of coumarin derivatives containing a new 1,3,4-oxadiazoles benzotriazole moiety
The synthesis begins with benzotriazole (59) reacting with ethyl chloroacetate to produce an ester intermediate (60) via
esterification. This intermediate is then subjected to hydrazinolysis using hydrazine hydrate in methanol at 4°C, forming
the hydrazide (61). These two steps are crucial for introducing the hydrazide functionality, which serves as a precursor for
subsequent heterocyclic ring formation. The hydrazide (61) undergoes cyclization with carbon disulfide in the presence of
potassium hydroxide and ethanol, leading to the formation of the 1,3,4-oxadiazole ring (62). This strategy is commonly
used to synthesize oxadiazole-containing compounds, which are known for their wide range of biological activities. The
next step involves coupling the oxadiazole-containing compound (62) with 4-bromomethyl coumarins (63). This step
combines the oxadiazole-benzotriazole moiety with a coumarin structure, which is known for its various pharmacological
properties. The reaction is carried out under reflux conditions using either N, N-diisopropylethylamine, potassium carbonate
or sodium metal as the base in absolute ethanol, leading to the final product (64) with yields ranging from 75% to 34%.
Throughout the synthesis, several steps involve reflux conditions and the use of different bases like potassium carbonate,
sodium metal, or N, N-diisopropylethylamine to facilitate the reactions. These conditions ensure complete reaction and high
yields of the desired products. The final compounds (64), with different R-substituted groups, show significant
antimycobacterial activity against the Mycobacterium tuberculosis H37Rv strain at low micromolar doses. This
demonstrates the potential of these coumarin derivatives in drug development for tuberculosis treatment. Scheme 15.%2

Smaa E. Kassab et al. studied a new class of compounds called 2-(1H-benzo[d][1,2,3]triazol-1-yl)-N'-(2,3,4-
substituted)derivatives (Scheme-16).° The compound ethyl2-(1H-benzo[d][1,2,3]triazol-1-yl)( 66) acetate made by using
benzotriazole (65) reacted with ethyl chloroacetate in the presence of anhydrous potassium carbonate. Intermediate was
reacted with hydrazine hydrate to form 2-(1H-benzo[d][1,2,3,]triazo-1-yl)acetohydrazide (67) compound. By combining
this intermediate with various types of aldehydes, and glacial acrylic acid (GAA) the researchers were able to obtain the
final product 2-(1H-benzo[d][1,2,3]triazo-1-yl)-(2,3,4-substituted) (68) with excessive yields. Each synthesized molecule
was evaluated by the NCI (USA) for its potential anticancer activity below DTP. The study’s objective was to evaluate the
compounds' anticancer activity against specific cancer cell lines and identify any inhibitory effects against FAK and Pyk2,
leading to apoptosis.



Ethyl
N chloroacetate

G

59

Acetone

Reflux 8 h

M. R. Kshatriya and J. A. Gajjar / Current Chemistry Letters 14 (2025)

P xy
0" o al , =
= o N 0__0 ¥
\/\”/ o o /O\H/N 0.0
0 = PZ o 7
HO (o] (o]
0__0 0__0
=
o /, = —

NH,NH,.H,0 N=N N—N
(85%), \ \/4 \
_methanol CSZIKOH N
0]
4°C,12h Ethanol,
NH Reflux, 24 h
61 HN 62
+
X
R
(0] (¢]

absolute ethanol N.N-Diisopropy

Reflux, 16:36 h | K,CO, (1.5 eq)

&

N

]
64

[¢]

Scheme 15. The Synthesis of 1,3,4-oxadiazoles containing benzotriazole and coumarin moiety

CICH,COOC,Hs
_(0.0084 mol)

K,CO3
(0.0168 mol),
Dry Acetone,

Reflux, 8 h

N
O
L
N
H
65

L

66

lethylamine (5-10 mol%)

Sodium metal (1 mmol)

Hydrazine
hydrate
(©.03 mol) _ACHO _ @
EtOH EtOH,GAA,
Reflux 5h Reflux 6h
(¢]
67 kf
o HN
HN
) Iy
2-fluorophenyl,
3-fluorophenyl
4-fluorophenyl
Ar= 2-hydroxyphenyl

2,3-dihydroxyphenyl
2,4-dihydroxyphenyl,
3,4-dihydroxyphenyl
4-Methoxyphenyl
4-hydroxy-3-methoxyphenyl
3,4,5-trimethoxyphenyl
furan-2-yl|

pyrrol-2-yl
benzofuran-2-yl
benzothiophen-2-yl
indol-2,3-yl

Scheme 16. The Synthesis of 2-(1H-benzo[d][1,2,3]triazol-1-yl)-N'-(2,3,4-substituted) derivatives.

Subhash Chand Jain and his team have developed a novel approach for synthesizing 1,2,4-triazolyl benzotriazoles with
high yield, as described in Scheme-17.% The method involves employing benzotriazole (69) in the presence of ethyl
bromoacetate to yield /-(methoxycarbonyl methyl)-1H-benzotriazole (70), which is then refluxed with hydrazine hydrate to
produce I-(hydrazinylcarbonylmethyl)-1H-benzotriazole (71). The corresponding triazolyl benzotriazoles (72, 73) were
obtained after reacting (71) with various substituted aromatic aldehydes. The compounds were extensively characterized by
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using various spectral techniques '"H NMR, '3C NMR, and mass and they were found to have promising antimicrobial,
antifungal, and antioxidant activities. Particularly, compounds with -OH and/or -OCH3 groups in the phenyl ring exhibited
elevated antimicrobial activity. Compound 68 shows the demonstrated good antifungal activity™.
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Scheme 17. The Synthesis of 1,2,4-triazolebenzotriazoles.

Xingdong Wang and colleagues developed a new method for the synthesis of N-alkyl benzotriazoles (77) using a one-
pot reaction of benzotriazoles (74) with aldehydes (75), and tertiary anilines (76) in the presence of various catalysts, thereby
obtaining the final compounds in higher yield (77) (Scheme-18).%5 This method is efficient, regioselective, and
environmentally friendly, with good tolerance to functional groups and easily accessible starting materials. The protocol is
suitable for drug development and can be carried out without inert gas, producing water as the only by-product. The
mechanistic studies indicated that azaquinzole methide was probably involved as an intermediate in this transformation. A
gram-scale reaction was successfully carried out.
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Scheme 18. One-Pot Synthesis of N-Alkyl Benzotriazoles.

Guillaume Laconde and co-workers have synthesized N-acyl-benzotriazole amino acid derivatives (Scheme-19).% The
synthesis of N-acyl-benzotriazole amino acid derivatives was carried out in a one-pot procedure. The compound (80) was
produced by a reaction between the amino acid (79) and benzotriazole (78) with T3P (Propane phosphonic acid anhydride),
DMF as a solvent, and pyridine as a base. In the one-pot method, T3P can synthesize various N-acyl-benzotriazole amino
acid derivatives, including those with acid-sensitive protecting groups. N-acyl-benzotriazole amino acid derivatives have a
wide range of uses. Using the highly sensitive trityl group can avoid the need for tedious purification and more toxic
reagents. In addition, T3P was used for the synthesis of biotin and N-Fmoc polyethylene glycol derivatives.
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Scheme 19. The synthesis of N-acyl-benzotriazole amino acid derivatives
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Researchers led by Riham M. Bokhtia created a novel class of 1H-benzotriazole-1-carboximidamide derivatives. They
treated substituted anilines (81) with N, N-dimethyldimethylacetyl to obtain (E)-N'-(substituted phenyl)-N, N-
dimethylimidamides (82) which were further reacted with hydroxylamine hydrochloride in the presence of methanol to
obtain oxime intermediate (83) with a fair yield. The final product /H-benzotriazole-1-carboximidamides (84) was
synthesized from the oximes intermediate (83) (Scheme-20).7 The structure of the obtained compound was further
confirmed and investigated by X-ray and DFT studies. In this study, the author explored the use of acyl benzotriazoles as
the source of benzotriazole. When using aminoacyl benzotriazole instead of aryl benzotriazole, it obtained a higher yield.
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Scheme 20. The Synthesis of ! H-benzotriazole-1-carboximidamides

Eunbyuel Lee and their team synthesized a new polymer called poly(4,7-(2-ethylhexyl)-2H-benzo[d][1,2,3]triazole-alt-
5,5 -selenophene)(P(BTz-Se)) using a Stille coupling reaction. To create the polymer, they first reacted 1,2,3-benzotriazole
(85) with 2-ethylhexyl bromide and potassium tert-butoxide in methanol to obtain 2H-(2-ethylhexyl)-benzotriazole (86)
which further reacted with bromine and hydrobromic acid under reflux condition to get 4,7-dibromo-2H-(2-ethylhexyl)-
benzotriazole (87). The intermediate (87) further reacted with 2,5-bis(trimethylstannyl)selenophene (88) using
triphenylphosphine as catalysts to obtain the final product P(BTz-Se) (89) (Scheme-21).%® The hole mobility of P(BTz-Se)
was six times higher than the reported hole mobility of a BTz-thiophene copolymer, making it a promising candidate for
use in organic field-effect transistors and other optoelectronic devices.
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Scheme 21. Synthesis of 4, 7-dibromo-2H-(2-ethylhexyl)-benzotriazole
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Godhani and his team have successfully synthesized novel derivatives of benzotriazole-substituted 1,3,4-thiadiazole-
2(3H)-thiones using a specific reaction sequence (Scheme-22).9° The process began by esterifying benzotriazole (90) with
ethyl bromoacetate, which resulted in the appropriate ester (91). The ester was then hydrazinolysis with hydrazine hydrate
in ethanol to create 2-(1H-benzo[d][]1,2,3]triazol-1-yl)acetohydrazide (92). Following the reaction, the hydrazide was
condensed with aromatic aldehydes in ethanol to form Schiff base derivatives (93). The Schiff bases were then cyclized
with CS; in alcoholic KOH, resulting in the formation of 2(1H-benzo[d][1,2,3]triazol-1-yl)-1-(5-(aryl)-2-thioxo-1,3,4-
thiadiazol-3(2H)-yl)ethan-1-one derivatives (94) in high yield. These derivatives exhibited promising biological activity
against various bacterial and fungal strains, along with anti-inflammatory and anti-spasmodic properties. Among the 15
compounds, substituted three compounds 3-F, 4-F, and 3-NO; showed promising antifungal activities.
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Scheme 22. The synthesis of 2-(1H-benzo[d][1,2,3]triazol-1-yl)-1-(5-(aryl)-2-thioxo-1,3,4-thiadiazol-3(2H)-
yl)ethan-1-one.

Han et al. have developed a new synthetic procedure for n-conjugated polymers containing benzotriazole units (96 P1-P4)
Using a palladium-catalyzed direct C-H cross-coupling polycondensation technique, the research team produced four
distinct m-conjugated polymers (96). These polymers were created by combining several thiophene derivatives (Scheme-
23)™ with 5,6-difluorobenzotriazole (95). The produced compounds demonstrated strong thermal stability and good
solubility in common organic solvents, according to the results. With a maximum external quantum efficiency of up to
6.2%, the polymers also demonstrated encouraging electroluminescent characteristics.
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Scheme 23. The Synthesis of n-conjugated polymers containing benzotriazole units

Khayyat et al. have synthesized several benzotriazole derivatives and evaluated their ability to inhibit the development
of human cancer cells. Researchers produced I-(1H-benzo[d][],2,3]triazol-1-yl)-2-chloroethan-1-one (98) by reacting
benzotriazole (97) with sodium acetate and chloroacetic acid chloride. The final product, benzotriazole imidazole-thione
derivatives (99) was obtained by combining (97) with thiourea derivatives (Scheme-24).”! The research team assessed the
efficacy of these compounds against many human cancer cell lines, such as HCT-116 (colorectal cancer), HL-60 (human
promyelocytic leukemia), and MCF-7 (breast cancer). Compound functionalized with 2,4-(Cl), was shown to be the most
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effective against cancer cell lines, such as MCF-7, HL-60, and HCT-116, with IC50 values of 3.57, 0.40, and 2.63 uM,

respectively.
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Scheme 24. The Synthesis of benzotriazoloimidazol-thione derivatives.

Singh et al. present the antibacterial properties of a category of f-amino alcohols. The synthesis starts with benzotriazole-
derived p-amino alcohols (Compound 101). A process called ammonolysis turns benzotriazole epoxides into the f-amino
alcohol intermediate during the formation of this molecule. The B-amino alcohol (101) is then cyclized in a one-pot
procedure to get 1,3-oxazolidine (Compound 102). This phase needs neither a catalyst nor a solvent, hence streamlining the
synthesis process and improving efficiency. The process occurs via intramolecular condensation, resulting in the production
of the oxazolidine ring. The intermediate compound 103, undergoes further functional group changes. These alterations
may entail the incorporation of certain substituents to enhance the biological activity of the final molecules. Compound 104
is made in the last step. It is a modified 1,3-oxazolidine derived from benzotriazole that is more stable and may have
antibacterial properties. Spectroscopic techniques such as 'H NMR, *C NMR, and mass spectrometry thoroughly
characterize the substance, thereby validating the structure and purity of the synthesized product. We evaluated the
compounds' antibacterial activities using microtiter plates. The antibacterial activity results indicated that the compounds
104 substituted with Benzine, bromo, and choro exhibited efficacy against the Staphylococcus aureus strain. (Scheme-
25).™
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Scheme 25. The Synthesis of benzotriazole-based f-amino alcohol and correspondingl,3-oxazolidines
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Pandey et al. developed the Mukaiyama reagent and used an innovative and effective process to synthesize N-acyl-
benzotriazoles. This practical method allows the high-yield production of a variety of N-acyl-benzotriazoles (105) in mild
conditions. The reaction between benzotriazole and carboxylic acid (106) occurs because 2-chloro-1-methylpyridinium
iodide enhances the carboxylic acids group's ability to interact with benzotriazole (Scheme-26).”* N-acyl benzotriazoles are
widely used in peptide synthesis, pharmaceutical chemistry, and materials research, among other areas. Using 2-
methoxyfene as the solvent makes this method inexpensive and environmentally friendly, without the need for column
purification. It was found that the method is trustworthy for a wide range of carboxylic acid substrates including aliphatic,
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aromatic, and heterocyclic carboxylic acids with different substitutions, and can achieve high yields of N-acyl
benzotriazoles in milligram to gram scale.
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Scheme 26. The Synthesis of N-acyl-benzotriazole using Mukaiyama reagent

Cheema et al. investigated how well different benzotriazole-derived a-substituted hemiaminal ethers could stop
cholinesterase from working. The synthesis starts with benzotriazole-substituted o-hydroxy ketones or aldehydes
(Compound 107). A condensation reaction between benzotriazole and a-hydroxy ketones or aldehydes makes this molecule,
which is the main substrate. This reaction creates a hemiaminal intermediate. Compound 107 subsequently conducts a
nucleophilic substitution reaction. This step involves benzotriazole reacting with the right electrophilic reagent, like an alkyl
or aryl halide, while a base is present. This creates an a-substituted hemiaminal intermediate (Compound 108). This reaction
incorporates an o-substituent into the hemiaminal ether, enhancing stability and establishing the requisite structural
framework. The intermediate compound (108) undergoes cyclization to produce the final benzotriazole-derived, o-
substituted hemiaminal ether (Compound 109). This step may need further reaction conditions, like moderate heating or the
use of a catalyst, to promote ring closure. The resultant product, (Compound 109), possesses a hemiaminal ether structure,
characterized by increased stability and possible dual inhibitory action against enzymes such as acetylcholinesterase and
butyrylcholinesterase. The synthesized compounds (107—109) are characterized by spectroscopic methods, including 'H
NMR, 3C NMR, and mass spectrometry, to verify their structures and ascertain purity. The study showed that all the
compounds that were made could stop both acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) from working
in the lab. The compounds with an optically active (R)-methyl group had markedly more activity than their comparable
racemic mixes. (Scheme 27).7

Akulov, A. A. et al. describe a novel method for directly functionalizing phenanthridine with a benzotriazole residue to
generate a C-N bond (Scheme 28).” The approach comprises a one-step synthesis of 1,2,3-triazolyl-substituted
phenanthridine (112) by direct C-N coupling of commercially available unsubstituted phenanthridine (111) and 1H-
benzotriazole (110). The reaction, carried out in the presence of Select fluor as an oxidant and MeCN as a solvent, yields
0-(1H-benzotriazol-1-yl)phenanthridine (112) a useful substrate for further chemical transformations. The obtained product
is separated and purified using chromatography. The creation of novel synthesis techniques for phenanthridine derivatives
is critical for their usage as fluorescence probes and other applications.
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Scheme 27. The Synthesis of a-substitedbenzotraiazole-based hemiaminal ethers.
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Scheme-28. The synthesis of 6-(1H-Benzo[d][1,2,3]triazol-1-yl)phenanthridine

Corona, Paola, et al. explore the antiviral potential of benzotriazole-based compounds. Scheme 297¢ illustrates several
reactions that can be utilized to produce derivatives of benzotriazoles. The first step in the synthesis process typically
involves creating an intermediate (115, 116, 117). This can be achieved by combining an azide (113) with 4-fluoro-1H-
benzo[d][1-3] triazole (114) in the presence of a 1-chloro-4-nitrobenzene catalyst. The intermediate can then be cyclized to
form the desired benzotriazole derivative (118, 119, 120,121). By changing the reaction conditions or using different starting
materials, the resulting substituents on the benzotriazole ring can be transformed. These substituents can significantly impact
the compound's biological activity, as demonstrated in this investigation. Compounds with slight modifications on the 4-
position of the ring, like the addition of a fluorine atom, displayed superior antiviral effects against enteroviruses.

Furthermore, the substitution of the amide group with an alkyl-urea group further enhanced the compounds' antiviral
properties.
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Scheme 29. The synthesis of benzotriazole derivatives.
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Anwar, Saleem, et al. give the procedure for the synthesis of Benzotriazole-based azetidinone derivatives in scheme-
30.77 The process initiates with benzotriazole (122) and ethyl chloroacetate, which react in the presence of potassium
carbonate (K2COs) in dry acetone to produce intermediates (123,124). Subsequently, this intermediate is treated with
hydrazine in acetic acid and ethanol to yield the product (125). This product is then utilized with chloroacetic chloride in
the presence of triethylamine to obtain the desired azetidinone derivatives as the resulting product (126). These compounds
exhibit potential for various pharmaceutical and medical applications. Following synthesis, the compounds underwent
characterization using diverse spectroscopic techniques, including IR and 'H NMR spectroscopy. Additionally, the
compounds were evaluated for their antioxidant and antiurolithiatic activities through in vitro assays, encompassing radical
scavenging assays and assessment of calcium oxalate crystal formation in urine.
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Scheme 30. The synthesis of benzotriazole azotidinone derivatives

B.B. et al. synthesize innovative coumarin-amino acid-benzotriazole compounds and evaluate their inhibitory efficacy
against acetylcholinesterase, urease, and lipase enzymes. The pathway in scheme 317® starts with the activation of
benzotriazole. In this phase, benzotriazole has a reaction with thionyl chloride (SOCL) in the presence of a solvent such as
dichloromethane (DCM). Thionyl chloride chlorinates benzotriazole, enhancing its reactivity for subsequent coupling
processes. The active intermediate, referred to as Compound 128, In the subsequent phase, Compound 128 is conjugated
with a chosen amino acid (such as glycine or alanine) to incorporate the amino acid moiety into the structure. This reaction
transpires in the presence of a base, commonly triethylamine (TEA), which promotes the nucleophilic substitution of the
amino acid on the activated benzotriazole. This process yields Compound 129, an intermediate comprising benzotriazole
and an amino acid. Compound 129 is then treated with a coumarin derivative. The coumarin moiety is included via a
condensation process, in which the benzotriazole-amino acid intermediate (129) establishes a link with the coumarin
molecule. This phase entails heating or moderate catalysis to promote the reaction, yielding Compound 130, which now
incorporates the coumarin-amino acid-benzotriazole framework. In the concluding phase, Compound 130 undergoes
purification, generally via recrystallization or chromatography, to produce the final coumarin-amino acid-benzotriazole
conjugate (Compound 130). This molecule, which proficiently integrates the benzotriazole, amino acid, and coumarin
moieties, is further characterized using spectroscopic techniques including '"H NMR, 3C NMR, and mass spectrometry to
verify its structure and purity. Following synthesis and characterization, Compound 130 may be assessed for its biological
activity, namely as an inhibitor of enzymes such as acetylcholinesterase, urease, and lipase. The promise of this compound
as an enzyme inhibitor arises from the structural contributions of each component: benzotriazole for biological activity,
amino acid for targeting, and coumarin for improved binding affinity.
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Scheme 31. Synthetic pathways for the synthesis of coumarin-amino acid-benzotriazole conjugates.
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Riley et al. investigate the glowing features and creation of a-amino acids derived from benzotriazole that are mixed
with alkynyl and alkenyl groups. The synthetic pathway in Scheme 327 starts with an a-amino acid derivative (Compound
131). When the first substance is changed, it can add the benzotriazole moiety because it has a functional group (like an
amine or carboxylic acid). the amino acid derivative for its compatibility with benzotriazole, which allows it to function as
a foundation for future processes. Diazotization of the amino group in Compound 131 leads to the formation of a diazonium
salt (Compound 132). In this step, a nitro-sating agent (often sodium nitrite and hydrochloric acid) is used on the amino
acid derivative to change the amine group into a diazonium group. This diazonium salt functions as a reactive intermediate
capable of promoting cyclization with benzotriazole.

Compound 132 subsequently undergoes intramolecular cyclization to provide the benzotriazole unit (Compound 133).
The cyclization process involves the diazonium group interacting with a nearby nucleophilic site, resulting in the fusion of
a triazole ring with the benzene ring, thereby finalizing the benzotriazole structure within the amino acid framework. During
this phase, a palladium-catalyzed coupling process functionalizes the amino acid containing benzotriazole (Compound 134)
with an alkenyl moiety. An unsaturated side chain is added by alkenylation, which increases the compound's structural
variety and possible biological activity. Bis(triphenylphosphine)palladium(Il) dichloride, copper iodide, and an alkenyl
halide are often used as catalysts in this reaction. The alkenyl-fused benzotriazole (Compound 135) undergoes
hydrogenation to get the saturated derivative (Compound 136). This reaction converts the alkenyl group into an alkyl chain,
increasing the stability of the product. Commonly, we employ palladium on carbon (Pd/C) as the hydrogenation catalyst,
which facilitates the reaction under moderate conditions to selectively saturate the alkenyl group. Spectroscopic methods
such as 'H NMR, '3C NMR, and mass spectrometry characterize Compound 136.

/\_NJIKIIe3 R
Q come  —% PN coe =, O = O
/\( p-TSOH | PA(PPhy).Cl, CoMe
NHBoc W=N NHBoc Cul, EtN /N /\r
133 NT N NHBoc
131 132

Pd(PPh.),Cl; | H, Zn, Znl

Q C R Q y Cs,C0, MeOH
COH 2 COH dioxane, HO, it
N N

dioxane COMe
Y

N NHBoc 1,3h NHBoc 6 MHCI,
1t,0.5-24 h
136 R=H, MeO, F 135 NHBoc

134

Scheme 32. Synthesis of Alkenyl-Fused Benzotriazole-Derived a-Amino Acids

Ghosh, Nani Gopal, and colleagues explain the photocatalytic production of hydrogen peroxide (H,O,) with thiophene-
coupled benzotriazole and anthraquinone-based D-A-type polymer nanoparticles. Scheme 338 begins with the utilization
of thiophene-coupled benzotriazole (136) and anthraquinone-based D-A-type polymer nanoparticles (135) as photocatalysts
for H>O» production (137). Photocatalysis happens when exposed to visible light radiation. The researchers measured H,O»
creation by measuring the amount of H,O, produced per milligram of nanoparticles. The research intends to increase the
efficiency of H,O; production for various applications. The study also examines a range of characterization methods,
including particle size-dependent examinations, gas chromatography (GC), and comparisons to other situations.

| N 4 | Pd,(dba), CHCl,, P(o-tol),
~ toluene, reflux 72 h
R Sn\ / Sn( oluene, retlux
| N_ N |
N
OEH 0 | éeHwa
136
135 EH is 2-ethylhexyl

Scheme 33. Synthetic route for the PAQBTz polymer through the Stille coupling polycondensation.

Krasavin, Mikhail, et al. describe how to create a thalidomide analog known as "benzotriazole thalidomide" via a novel
synthetic technique (Scheme 34).3! The scientists found a way to substitute thalidomide's phthalimide core with
benzotriazole to improve its ability to engage E3 ligases in proteolysis-targeting chimeras (PROTACs). Bredereck's reagent
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was used for modifying commercial glutamine (138), specifically (dimethylamino)methylenation at the a-position. This
procedure introduced a dimethylamino-methylene group into the glutamine core, resulting in a product (139). Compound
(139) then performed a Regitz diazo transfer reaction with 4-nitrophenylsulfonyl azide (NsN3). This technique yielded a
previously unknown substance, 3-diazopiperidine-2,6-dione (140), in high yield. The next step was to activate compound
(140) using Rh(II)espionate(bis[rhodium(a, a, a’,a’-tetramethyl-1,3-benzenedipropionic acid)]). This activated compound
(140) reacted with benzotriazole to yield the desired benzotriazole thalidomide (141) in excellent yield and complete

regioselectivity.
K H
0 0
H H
o _N_ _o NsN,, DCE, O N
U MeN” N, t, 36 h \I\;I C[ 0
toluene Rh (esp),

Reflux, 24 h (1 mol%)
NMe, DCM, t, 1h
138 140 141

Scheme 34. Synthesis of ‘benzotriazole thalidomide’

3. Conclusions

Benzotriazoles and its derivatives are important heterocyclic compounds with a broad spectrum of pharmacological
activities, including anticancer, antimicrobial, and anti-inflammatory effects. They are also used as ligands in the catalysis
of transition metals and as materials in electronics and photonics. Despite the importance of benzotriazole and its
derivatives, many existing synthesis methods are inefficient, uneconomical, and harmful to the environment. Therefore,
new, environmentally friendly, efficient, and economical methods for the large-scale production of benzotriazole and its
derivatives need to be developed. In this review, most of the methods described in the literature for the synthesis of
benzotriazole and its derivatives have been compiled. The review also highlights the need for new synthetic methods that
address the challenges of existing methods.
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