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Abstract

The development of novel techniques for modifying molecules 
with 1,2,3‒triazole and tetrazole scaffolds provides an intriguing 
basis for this research, since these compounds are important in 
organic synthesis, especially the production of bioactive organic 
compounds. In order to facilitate the creation of a more effective 
technique for converting anticancer heterocyclics, a new class of 
1,2,3‒triazolyl tetrazoles fused with tetrahydro cyclo hepta pyridi-
none was created and produced. The newly created scaffolds were 
all characterized using mass spectrometry, FT‒IR, and NMR (1H & 
13C). Since 1,2,3‒triazole and tetrazole scaffolds are important in 
organic synthesis, especially in the production of bioactive organic 
molecules, the development of new techniques for altering these 
compounds provides an intriguing basis for this work. A unique 
series of tetrahydro cyclo hepta pyridinone fused 1,2,3‒triazolyl 
tetrazoles was devised and synthesized to aid in the development 
of an effective approach for the conversion of anticancer hetero-
cyclics. FT‒IR, NMR (1H & 13C), and mass spectrometry were used 
to characterize all of the recently created scaffolds. When tested 
against the MCF-7 cancer cell line, hybrids 8c, 8g, and 8i showed 
remarkable anticancer susceptibilities (IC50 = 4.5 ± 3.1, 9.2 ± 1.5, 
and 5.9 ± 0.7 µM). Conversely, duel heterocyclics 8a and 8c dem-
onstrated superior anticancer inhibitory potency against the MDA-
MB-231 breast cancer cell line (IC50 values 2.1 ± 1.0, 3.4 ± 1.5 µM), 
when compared to DXN [IC50 = 3.78 ± 0.3 µM]. Initially, all of the 
synthesized compounds were evaluated in silico against the target 
protein, hSIRT1, which suggested that compounds 8c and 8h, as 
well as a few additional triazole compounds, might be inhibitors. 
Based on docking results, 8c showed that the amino acids Val412(A), 
Asn346(A), Asp348(A), Phe273(A), Ile316(A), His363(A), Ala262(A), Pro318(A), 
Gly319(A), Tyr317(A), Gln320(A), and Glu315(A) exhibited highly stable 
binding to hSIRT1 receptor (PDB: 4I5I). Moreover, these scaffolds 
physicochemical characteristics, filtration molecular properties, as-
sessment of toxicity, and bioactivity scores were assessed in rela-
tion to ADME (absorption, distribution, metabolism, and excretion).

Keywords: Anticancer activity; 1,2,3-triazole; Tetrazole; Pyri-
dine; SIRT1; In silico studyIntroduction

The term "Cancer" refers to a group of chronic, noncom-
municable diseases linked to uncontrollably growing aberrant 
cells that invade and spread to neighbouring tissues, impairing 
physiological conditions and ultimately causing the body's vi-
tal organs to malfunction [1-3]. As of 2020, the American Can-
cer Society reports that cancer is the second greatest cause 
of mortality worldwide, accounting for 19.3 million new cases 

and about 10 million deaths worldwide [4]. It is projected that 
there will be 16.4 million deaths and about 29.5 million newly 
diagnosed cases by 2040 [2]. The most prevalent disease and 
the second most deadly kind of cancer in women is breast can-
cer [5]. One subtype of breast cancer known as triple-negative 
Breast Tumors (TNBCs) is identified by the absence of expres-
sion of the Human Epidermal growth factor Receptor-2 (HER-
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2), Progesterone Receptor (PR), and Estrogen Receptor (ER) [6]. 
According to GLOBOCAN 2020 forecasts, cancer ranks as the 
second leading cause of death globally [7]. In 2020, there will 
be 19.3 million new instances of cancer worldwide, of which 
women will make up 11.7%, according to the most recent esti-
mates of the cancer burden [8]. As such, ongoing attempts are 
made to satisfy the demands of the hunt for novel classes of 
anticancer medications.

Histone deacetylases or HDACs, are known to catalyze the 
removal of acetyl groups from ε-N-acetyl lysine residues in his-
tones and nonhistone proteins [9]. This causes the DNA to coil 
around itself more firmly. Sirtuins are the human homologs 
of yeast Sir 2 (Silent information regulators 2), one of the four 
classes of HDACs that are conserved from yeast to humans along 
with I, II, III, and IV [10]. Class III HDACs called sirtuins catalyze 
the deacetylation process if nicotinamide adenine dinucleotide 
[NAD(+)] is available as a cofactor [11]. Different regions of the 
cell, including the cytoplasm, mitochondria, nucleus, and SIRT1, 
6, and 7, contain different sirtuins [12]. Distinct N- and C-ter-
minal sequences, as well as highly conserved NAD-binding and 
catalytic core domains, serve as markers for all of them [13]. 
Of all the sirtuins, SIRT1 has attracted the most study interest, 
and it has been noted that SIRT1 is involved in cancer [14]. As 
a result, studies have been done on SIRT1 as a potential phar-
macological target for the creation of anti-cancer drugs [15]. 
The need for new approaches to address the complex issue of 
drug resistance [16], which frequently contributes significantly 
to chemotherapy failure, and (ii) lessen the toll that this disease 
takes on one's finances, social life, and personal relationships is 
why the SIRT1-based strategies have garnered so much atten-
tion [17]. Tumor suppressor protein p53 is a substrate of SIRT1 
and also has additional substrates like Ku70, NF-jB, fork head 
proteins, etc., which increased the amount of p53 in response 
to SIRT1 inhibition, according to research [18]. As a result, re-
search using small compounds has been done to find SIRT1 in-
hibitors [19].  

In pharmacology, industrial materials, biology, and medicine, 
the tetrazole motif is a crucial synthetic scaffold that has sev-
eral applications [20]. In an effort to create novel pharmacologi-
cal entities, a large number of unique heterocyclic compounds 
have been investigated for long-term toxicity against a variety 
of disorders. The potential medical applications of nitrogen-
containing heterocycles in tetrazole-based drugs for anticancer 
[21], anti-HIV [22], antiproliferative [23], antibacterial [24], an-
tifungal [25], antitubercular [26], antihypertensive, anti-allergic, 
and antileishmanial activities [27]. 1,2,3-triazole and imidazole 
are the fundamental building blocks of many pharmaceuticals, 
and interest in medicinal and pharmaceutical chemistry has 
been piqued by these analogs. Researchers are interested in 
lead compounds made of 1,2,3-triazoles with heterocycles be-
cause they have a wide range of biological properties, including 
the ability to form dipole–dipole bonds with various enzymes, 
proteins, and receptors as well as antibacterial, antifungal, an-
ticonvulsant, anti–HIV, antituberculosis, anticancer, antiviral, 
anti–diabetic, anti–inflammatory, and analgesic effects [28-36]. 
Because azides and alkynes are easy to assemble into a single 
structure, this reaction is beneficial in the synthesis of 1,2,3–
triazoles, which are heterocyclic compounds with good yield. 
CuAAC (Scheme 1) is a copper (I) and azide-alkyne catalyzed cy-
cloaddition with a variety of uses in the biological and material 
sciences, such as DNA synthesis, drug discovery, and oligonucle-
otide synthesis [37].

Pharmacochemical, pharmacokinetic, and pharmacodynam-
ic elements have become some of the most crucial steps in the 
drug discovery process over the last few decades. Drug devel-
opment and research organizations have developed the ability 
to compute characteristics in vitro in an orderly manner, with 
the goal of understanding the behavior of Absorption, Distri-
bution, Metabolism, Excretion, and Toxicity (ADMET) in vivo. In 
silico ADMET forecasting is expected to maximize screening and 
trials while lowering the likelihood of attrition from late-stage 
drug development procedures by concentrating on the most 
promising drug candidates. By mimicking the interaction of an 
aspirant ligand with a macromolecule (receptor), a computa-
tional modeling technique known as molecular docking predicts 
the optimal orientation for binding one substance to another to 
form a stable result. Consequently, during the medication de-
velopment process, the docking technique has a major effect on 
the rational drug design process. Using pharmacophore mod-
eling, molecular docking, in silico ADME, and toxicity studies, 
we created 1,2,3-triazole hybrids based on tetrazoles in order 
to understand and interpret the mechanism of binding interac-
tions between our prepared duel heterocyclic ligands and the 
crystallographic SIRT1 receptor based on HDAC. In conclusion, 
this research has shown that possible SIRT1 inhibitors with ben-
eficial pharmacokinetic properties exist.

Materials and Methods 

Without additional purification, commercial vendors pro-
vided the starting components, which were then used. Using an 
Electrothermal device, all melting points were determined. Uti-
lizing a Perkin–Elmer 100 infrared spectrophotometer with cm-1 
precision, 400–4000 cm-1 of IR spectra were recorded in KBr pel-
lets (ѵ in cm-1). Using a Bruker Avance spectrometer, the NMR 
spectra were captured in CDCl3 at 400 MHz for 1H and 100 MHz 
for 13C. Chemical changes for 1H and 13C are expressed on the δ 
scale (ppm) and are correlated with internal TMS. The follow-
ing acronyms represent the signal multiplicities: s for singlet, d 
for doublet, t for triplet, q for quadruplet, and m for multiplet. 
The coupling constants are given in Hertz (Hz). All the reactions 
were monitored by Thin-Layer Chromatography (TLC) on Silica 
Gel 60 F254 plates; visualization by UV detection at 254 nm and 
were carried out under nitrogen atmosphere in dry solvents un-
der anhydrous conditions.

Synthesis of Dimethyl 5,9-dihydroxy-7H-cyclohepta[b]pyri-
dine-6,8-dicarboxylate (2)

Following a -5˚C cooling of the reaction, 2.39g (20.11 mmol) 
of thionyl chloride were added to a 2.8g (16.76 mmol) solu-
tion of pyridine-2,3-dicarboxylic acid in 28 mL methanol, and 
the combination refluxed for 7 hours. As demonstrated by TLC, 
excess methanol was distilled off once the reaction was com-
pleted. 

Ethyl acetate was used to extract the residue after it had 
been diluted with a 10% NaHCO3 solution. After that, it was 
vacuum-evaporated, dried over Na2SO4, and produced a white 
solid that was 90% pyridine-2,3-dicarboxylic acid dimethyl di-
ester with a melting point of 103°C. After being created, 2.5g 
(12.82 mmol) of dimethyl pyridine-2,3-dicarboxylate 1 were 
dissolved in 15 mL of toluene. Potassium tert-butoxide (1.57g, 
14.10 mmol) was then gradually added at a temperature lower 
than 15˚C. [4 + 3] cycloaddition of mixture of 1 and Dimethyl 
Glutarate (DMG) (1.78 g, 15.38 mmol) in toluene (15 mL) was 
added to the reaction at the same temperature, and then the 
reaction mixture was refluxed for 10 h. Excess toluene was 
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distilled off, the residue was poured into ice water, and the re-
sulting solution was extracted with ethyl acetate (2 x 25 mL). 
The combined organic extracts were dried over Na2SO4 and 
evaporated under a vacuum. The crude product was purified 
by recrystallization from ethanol to obtain 2 as white color solid 
(81%), mp 114°C.

Synthesis of 7,8-Dihydro-5H-cyclohepta[b]pyridine-
5,9(6H)-dione (3)

In the presence of 20mL of water at 75˚C, a mixture of di-
methyl 5,9-dihydroxy-7H-cyclohepta[b]pyridine-6,8-dicarbox-
ylate (2) (2.5g, 8.5 mmol) and HCl (0.46 g, 12.88 mmol) was 
heated for 10 hours. The reaction was monitored by TLC (ethyl 
acetate: hexane, 8:2), and once it was completed, the desired 
product was produced. After distilling out excess toluene, the 
residue was placed in ice water, and ethyl acetate (2 x 25mL) 
was used to extract the resultant solution. After being dried on 
Na2SO4, the mixed organic extracts evaporated in a vacuum. The 
crude product was refined by recrystallization from ethanol, 
yielding white solids (81%) with a melting point of 114 °C. 

Synthesis of (R)-9-Hydroxy-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-5-one (4)

To the mixture of the substrate 7,8-dihydro-5H-cyclohepta[b]
pyridine-5,9(6H)-dione 3 (0.02 mol, 2.5g), Rh-(R-binapine) (COD)
BF4 (0.7 g, 0.009 mol) was added in 30 mL of dichloromethane 
at below 5˚C. The reaction was monitored at rt for 24 h, and 
after completion of the reaction was cooled to room tempera-
ture. The solution was diluted with 50 mL of water and then 
stirred overnight at room temperature in a sealed tube. After 24 
h, the solution was extracted with diethyl ether (25mL x 2) fol-
lowing the organic layers were combined, dried over MgSO4, fil-
tered through a cotton layer and concentrated in vacuo to give 
the corresponding hydrogenated product 4 (52%).

Synthesis of (R)-5-oxo-6,7,8,9-tetrahydro-5H-cyclohepta[b]
pyridin-9-yl 4-methyl benzene sulfonate (5)

(R)-9-hydroxy-6,7,8,9-tetrahydro-5H-cyclohepta[b]pyridin-5-
one (4) (2.2g, 12.42 mmol) in dichloromethane (15mL) under 
nitrogen environment, and triethylamine (1.88g, 18.63 mmol) 
was added at 0°C. The mixture was then stirred at room tem-
perature for an entire night after a dropwise addition of p-tol-
yl sulfonyl chloride (2.60g, 13.67 mmol) in DCM (10 mL). The 
liquid used in the process was diluted using dichloromethane 
and then cleaned using 10% aq. HCl (10 mL), saturated NaHCO3 
solution (10 mL), water (10 mL), brine (15 mL), and anhydrous 
sodium sulphate. A pale-yellow oil was obtained by separating 
and evaporating the organic layer. This oil was then refined us-
ing flash chromatography over silica gel and petroleum ether–
acetone (1:1), yielding 5 (90%) as a white solid (mp: 85–87°C).

Synthesis of (S)-9-Azido-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-5-one (6)

(R)-5-oxo-6,7,8,9-tetrahydro-5H-cyclohepta[b]pyridin-9-yl 
4-methylbenzene sulfonate (5) (2.0g, 6.02 mmol) was taken in 
anhydrous DMF (16 mL) under nitrogen atmosphere. After add-
ing sodium azide (0.70g, 10.83 mmol) to the reaction mixture, it 
was stirred at 70°C for 6 h. After the reaction was finished, the 
reaction mass was split into 25 mL of water and 20 mL of EtOAc. 
The organic phase was washed with water and 0.1 M HCl (20 
mL) after the layers were separated. Subsequently, the organic 
layer was isolated, allowed to dry on MgSO4, and allowed to 
evaporate at low pressure until it was totally dry. The resulting 

oily residue was chromatographed using hexane–EtOAc (4:1), 
producing 6 (86%) as a yellow oil that solidified at 144–146°C 
after standing.

General Procedure for the Synthesis of 8a-k

The first step in the synthesis of a series of 1-phenyl-5-
(prop-2-yn-1-ylthio)-1H-tetrazoles 7a–k was used from phenyl 
isothiocyanate. The solution containing 1-phenyl-1H-tetrazole-
5-thiol (2.1 mmol), propargyl bromide (1.2 mmol), and tetrabu-
tylammonium bromide was then agitated for 4 hours at room 
temperature using a combination of triethylamine (4 mL) and 
DCM (6 mL). When the reaction (TLC) was complete, the reac-
tion mixture was added to 15 mL of ice-cold water. The solid 
product was then filtered off, dried, and purified using column 
chromatography with ethyl acetate–hexane (2:8) (87%). The im-
portant intermediate 6 (2.0g, 9.85 mmol) and o-hydroxyphenyl 
tetrazole 7a (3.19g, 13.79 mmol) were added to DMF: water 
(3:2, 20 mL). Copper sulphate pentahydrate (1.96g, 7.8 mmol) 
and sodium ascorbate (1.56g, 7.8 mmol) were added to this 
reaction in addition. The reaction was held below 10 C for 20 
minutes, and then it was stirred for 1 hour at room tempera-
ture. Following TLC monitoring of the reaction's development 
(EtOAc: Hexane 4:6), the reaction was gradually added to 200 
mL of ice water and swirled. The solid products were separated 
with EtOAc (2 x 75 mL), filtered, thoroughly washed with water, 
and treated with brine solution. Upon vigorously shaking the 
mixture, a solid yellow precipitate developed. To obtain com-
pound, this precipitate was filtered out and dried. In column 
chromatography on silica gel, a mixture of 5–10% ethyl acetate 
in hexane was utilized to purify the residue and yield (S)-9-(4-
(((1-(2-hydroxyphenyl)-1H-tetrazol-5-yl)thio)methyl)-1H-1,2,3-
triazol-1-yl)-6,7,8,9-tetrahydro-5H-cyclohepta[b]pyridin-5-one 
(8a).

(S)-9-(4-(((1-(2-hydroxyphenyl)-1H-tetrazol-5-yl)thio)
methyl)-1H-1,2,3-triazol-1-yl)-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-5-one (8a)

1H NMR (400 MHz, CDCl3, δ, ppm): 9.68 (brs, 1H, OH), 8.16 
(d, 1H, J = 8.9 Hz, Ar-H), 7.60 (d, 1H, J = 8.9 Hz, Ar-H), 7.51 (t, 
1H, J  = 9.3 Hz, Ar-H), 7.36 (s, 1H, triazole H), 7.29 (t, 1H, J = 
9.3 Hz, Ar-H), 7.25 (d, 1H, J = 8.9 Hz, Ar-H), 7.20 (d, 1H, J = 8.9 
Hz, Ar-H), 6.91 (d, 1H, J = 8.9 Hz, Ar-H), 5.02 (s, 2H, CH2), 4.70 
(m, 1H, CH),  2.79 (m, 1H, CH), 2.58 (t, 1H, J = 9.9 Hz, CH), 2.19 
(t, 1H, J = 9.9 Hz, CH), 1.93 (m, 1H, CH), 1.58 (m, 1H, CH), 1.48 
(m, 1H, CH). 13C NMR (100 MHz, CDCl3, δ, ppm): 191.24, 167.48, 
156.12, 151.95, 145.80, 138.52, 136.29, 130.58, 130.21, 129.18, 
127.35, 127.22, 124.73, 124.45, 122.42, 68.31, 41.67, 37.03, 
32.59, 24.55. IR (KBr, cm-1) υ: 3422.47 (‒OH), 2924.57, 2982.23 
(‒CH), 1745.36 (C=O), 1593.42 (C=C), 1430.07 (C=N), 1246.67 
(CSC). HRMS (m/z): 435.2440 [M + H]+. Elemental analysis for 
C20H18N8O2S: calcd, C, 55.29; H, 4.18; N, 25.79; S, 7.31; found, C, 
55.36; H, 4.36; N, 25.93; S, 7.46. General experimental details 
of biological evaluation, docking techniques, spectral analysis 
of remaining compounds (8b-k) and spectral copies of 1H-NMR, 
13C-NMR, IR and mass spectrums are included in supporting in-
formation (Figure S1-S43).

Results and Discussion

Design and Synthesis 

Scheme 1, Table 2 shows the synthesis approaches used to 
acquire the unique target molecules. Pyridine-2,3-dicarboxylic 
acid and thionyl chloride reacted in methanol for 10 hours to 
produce the desired and good yields of dimethyl pyridine-2,3-
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dicarboxylate 1. [3 + 4] Compound 3 was produced in an 81% 
yield by cycloaddition between dimethyl pyridine-2,3-dicarbox-
ylate 1 and Dimethyl Glutarate (DMG), which was followed by 
a decarboxylic reaction aided by hydrochloric acid. Furter, the 
known dione 3 should be readily accessible on large scale via a 
Dieckmann cyclization decarboxylation sequence starting from 
the readily available dimethyl 2,3-pyridinedicarboxylate. Fol-
lowing our synthetic strategy, we expected that an enantiose-
lective ketone reduction would be complicated by the necessity 
to differentiate the two ketones present in compound. As such, 
initial efforts were focused on an enzymatic approach, and high 
throughput screening efforts identified Rh-(R-binapine) (COD)
BF4 enzyme that reduced 7,8-dihydro-5H-cyclohepta[b]pyri-
dine-5,9(6H)-dione (3) (0.02 mol) to the corresponding alcohol 
with encouraging chemo- and enantioselectivity. Gratifyingly, 
when the reaction using the reductase enzyme Rh-(R-binapine) 
(COD)BF4 was run at 2˚C in 30 mL of DCM under H2 pressure and 
the reaction was monitored for overnight at rt. The solution was 
diluted with 20 mL of water and then stirred overnight at room 
temperature in a sealed tube. 

After 24 h, the solution was extracted with diethyl ether fol-
lowing the organic layers were combined, dried, filtered and 
concentrated in vacuo to give the corresponding product 4 [38a, 
b]. (R)-9-hydroxy-6,7,8,9-tetrahydro-5H-cyclohepta[b] pyridin-
5-one (4) (12.42 mmol) was added to 15 mL of DCM at 0°C in a 
nitrogen environment, along with 18.63 mmol of triethylamine. 
Subsequently, a dropwise addition of p-tolyl sulfonyl chloride 
(13.67 mmol) in DCM (10 mL) was made, and the resulting 
mixture was allowed to stir overnight at room temperature. Di-
chloromethane was used to dilute the reaction mixture, which 
was then cleaned using 10% aq. HCl (10 mL), saturated NaHCO3 

solution (10 mL), water (10 mL), brine (15 mL), and anhydrous 
sodium sulfate before being dried. After the organic layer was 
divided and evaporated, a light-yellow oil was obtained. This 
oil was then refined using flash chromatography over silica gel 
and petroleum ether–acetone (1:1), yielding 5 (3.66 g, 90%) of 
a white solid with a melting point of 85–87°C. Sodium azide was 
added to the tosylate in dry DMF at a temperature of 70–75°C, 
resulting in a pale yellow oil that solidified after a while to form 
the azide intermediate 6 (SN2 reaction with sodium azide), 
which caused the stereo enter to invert, 86% [39a, b]. According 
to the literature, a series of 1-phenyl-5-(prop-2-yn-1-ylthio)-1H-
tetrazoles 7a–k was created by reacting phenyl isothiocyanate 
with sodium azide to produce 1-phenyl-1H-tetrazole-5-thiol 
[40]. The solution of 1-phenyl-1H-tetrazole-5-thiol (2.1 mmol), 
propargyl bromide (1.2 mmol), and tetrabutylammonium bro-
mide in a mixture of triethylamine (4 mL) and DCM (6 mL) was 
stirred at ambient temperature for 4 h. The reaction mixture 
was added to 15 mL of ice-cold water when the reaction (TLC) 
was finished, and the solid product was filtered off, dried, and 
purified by column chromatography with ethyl acetate–hexane 
(2:8) (87%). The last step involved creating novel 1,2,3-triazole 
linked tetrazole scaffolds by using Click chemistry to create the 
appropriate alkynes 7a-k (9.0-13.79 mmol). The azide 6a (9.85 
mmol) was then obtained and added to a solution of copper 
sulphate pentahydrate (7.8 mmol) in 20 mL of DMF: water (3:2). 
Next, sodium ascorbate (7.8 mmol) was added dropwise to the 
mixture under a nitrogen atmosphere at 10‒15°C and the re-
action was then stirred for 1 h to 1.5 h at rt. The progress of 
reaction was checked using TLC (EtOAc: Hexane 4:6) and then 
gradually poured onto ice water (200 mL) with stirring. The sol-
id products were separated by EtOAc (2 x 75 mL), filtered and 
washed thoroughly with water followed by brine solution. The 
mixture was stirred vigorously to form a yellow solid precipi-
tate, which was filtered off and dried to afford compound. The 
residue was purified by column chromatography on silica gel 
using a mixture of 5–10% ethyl acetate in hexane to obtained 
(S)-9-(4-(((1-(2-hydroxyphenyl)-1H-tetrazol-5-yl)thio)methyl)-
1H-1,2,3-triazol-1-yl)-6,7,8,9-tetrahydro-5H-cyclohepta[b] pyri-
din-5-one (8a).

We began our study on the model reaction of (S)-9-azido-
6,7,8,9-tetrahydro-5H-cyclohepta[b] pyridin-5-one (6) using 
modified CuAAC seminal reaction conditions (Table 1), i.e., 
CuSO4. 5H2O, sodium ascorbate (Na(asc)) as a reducing agent 
for the (re)formation of reactive Cu(I) species, different solvent 
system to ensure adequate solubility of organic components. 
For comparison and to ensure triazole formation, an elevated 
temperature (45 to 50°C) was used based on noncatalyzed ther-
mal reaction. High loadings of the CuI catalyst (20 mol%) and 
PPh3 (0.8 eq) were employed for the initial screening, which was 
carried out under refluxing conditions. The reaction of azide (6) 
with alkyne (7a) proceeded with lower yield in the presence of 
DCM: water (5 mL) (Table 1, entry 1). The CHCl3/H2O 3:2 (v/v) 
solvent system with CuI/PPh3 worked similarly (Table 1, entry 
1), and increasing the excess of time from 45 min to 1 h did not 
prove beneficial (Table 1, entry 2). While the change of solvent 
to chloroform (entry 2, Table 1) or dichloromethane did not im-
prove the yield further however, the use of DMF: water (3:2) 
increased the yield to 60% (entry 3, Table 1). In order to reduce 
reaction temperature, an attempt was made to implement the 
framework reaction conditions in DMF at rt, which resulted in a 
53% decrease in product yield (entry 4, Table 1). Replacement 
of CuSO4 × 5H2O with CuI resulted in a slightly increased yield, 
while the absence of a reducing additive sodium ascorbate to 

Graphical Abstract

Scheme 1: Synthesis of novel tetrahydro-cyclohepta[b]pyridinone 
linked to triazolyl tetrazole derivatives.
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regenerate Cu(I) from Cu(II) significantly increased the yield of 
the reaction (entry 5, Table 1). It is known that in an ambient 
atmosphere with oxygen, Cu(I) species oxidize to Cu(II), and 
that oxidized copper(II) species can be restored to the catalyti-
cally active +1 oxidation state by sodium ascorbate. In order to 
achieve our objective of developing the reaction in an ambient 
atmosphere, Na(asc) addition turned out to be essential. Nev-
ertheless, after 45 minutes, introducing DCM to the reaction in 
water while refluxing produced the necessary product in a 64 
percent yield (entry 5, Table 1). This was positive, and the reac-
tion time was extended to one hour in order to further increase 
the product yield. Nevertheless, employing chloroform as the 
solvent resulted in a somewhat notable drop in yield (entry 6, 
Table 1). Despite the superior yield, product 8a was prepared 
with CuSO4 in t-butanol to obtained 68% yield (entry 7, Table 
1). Accordingly, the reaction was carried out in the presence of 
catalyst and without any catalyst, respectively. While the yield 
was decreased in the first case (entry 8, Table 1) interestingly 
the reaction proceeded in the presence of heating conditions 
too affording 8a albeit in lower yield.

Similar observation was noted when the reaction temp was 
decreased to rt in the presence of DMF to give 73% yield (en-
try 9, Table 1). Thus, the condition of entry 9 of Table 1 was 
identified as optimal and was used for the synthesis of ana-
logues of 8a. After the finalization of the reaction, DMF: water 
(3:2) was added to the reaction composition, and the organic 
layer was dried, filtered off, and washed with acetone to ob-
tained the pure (S)-9-(4-(((1-(2-hydroxyphenyl)-1H-tetrazol-5-
yl)thio)methyl)-1H-1,2,3-triazol-1-yl)-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-5-one (8a). Accordingly, the methodology 
was explored for the preparation of a variety of pyrrolidine 
substituted 1,2,3–triazole derivatives (Table 2) via employing a 
range of substrates.

Structural elucidation of all synthetic compounds was done 
using distinct spectroscopic techniques such as 1H‒NMR, 13C‒
NMR, IR and mass analysis. IR spectra of 8a represented charac-
teristic absorption bands at the regions 3422.47, 2924.57, and 
2982.23 cm−1 due to ‒OH, and ‒CH groups respectively. Further-
more, 8a represented an additional band at 1745.36, 1593.42 
cm−1 due to its C=O, and C=N moieties, whereas its stretching vi-
brations at 1430.07, and 1246.67 cm−1 confirmed the presence 
of −C=N, −CSC groups, respectively. 1H NMR spectra of the new 
compound 8a revealed singlet protons of hydroxy and 1,2,3-tri-
azole was confirmed at δ = 9.68, 7.36 ppm, while the pyridinyl 
doublet protons were confirmed at δ 8.16, 7.60 ppm respec-
tively. In addition, the aromatic multiplet signals (doublets, trip-
lets) appeared in the corresponding range of δ 7.51-6.91 ppm. 
Moreover, the four multiplet signals appeared at δ 4.70, 2.79, 
1.93, 1.58 ppm confirming the methylene protons. In this com-
pound, protons were shown as a triplet peak at δ 2.58, 2.19 
ppm corresponding to remaining methylene protons, a singlet 
peak at δ 5.02 ppm for s-methyl protons. 13C-NMR spectra of 
compound 8a, the represented signals at δ 191.24, 167.48, and 
156.12 ppm ascribed to cyclohepta[b]pyridinone, pyridine and 
triazole carbons and remaining signals at the deshelding region 
δ 145.80-122.42 ppm referring to the aromatic carbons. Also, 
the methylene residues of 8a appeared as five additional sin-
glets at δ 68.31, 41.67, 32.59, 37.03, and 24.55 ppm. 

Molecular weight at m/z = 435.2440 of mass spectra is evi-
dence of compound (S)-9-(4-(((1-(2-hydroxyphenyl)-1H-tetra-
zol-5-yl)thio)methyl)-1H-1,2,3-triazol-1-yl)-6,7,8,9-tetrahydro-
5H-cyclohepta[b]pyridin-5-one (8a), which were in accordance 
with the proposed structures representing their correct molec-
ular ion peaks beside some other important peaks (see. Sup-
porting information). 

In vitro Cytotoxicity 

The ATCC methodology was followed in order to test the 
finished compounds anticancer activities using the MTT colori-
metric assay [41]. The produced benzimidazole-triazole deriva-
tives (8a-k) were tested in vitro against human breast malignan-
cies (MCF-7, MDA-MB-231) shown in Table 3 to determine their 
cytotoxic potential. Doxorubicin was used as a reference. Only 
the inhibitory concentration values of those medications dem-
onstrated 50% inhibition (IC50), and the results are shown as the 
percentage of inhibition at 50 μM. Table 3 displays that out of 
all the triazoles that were examined, 8a-k exhibit notable anti-
cancer activity, with IC50 values ranging from 4.5 ± 3.1–43.2 ± 
3.1 µM. Compound 8a's obtained IC50 values against MCF-7 and 
MDA-MB-231 were 8.9 ± 1.4 and 2.1 ± 1.0 μM, respectively. The 
findings of the screening indicate that the triazole derivatives 5e 
and 5k, when produced, exhibited good cytotoxic effects on the 
MCF-7 breast cancer cell line, with IC50 values of 13.3 ± 2.4 and 

Table 1: Initial optimization of reaction conditionsa.

N
N3

O

+
N

N
NN

S N N

O

N
N

S

N N
N

N

8a6 7a

OH

OH

catalyst(s)

solvent

S.No. Catalyst(s) Solvent [ratio v/v] Temperature time 8a(%)b

1 CuI/PPh3 DCM/H2O [3:2] 45˚C 45 min 46

2 CuI/PPh3 CHCl3/H2O [3:2] 45˚C 1 h 39

3 CuI/PPh3 DMF/H2O [3:2] 45˚C 45 min 60

4 CuI/PPh3 DMF/H2O [3:2] rt 1.5 h 53

5 CuSO4/Na(asc) DCM/H2O [3:2] 45˚C 45 min 64

6 CuSO4/Na(asc) CHCl3/H2O [3:2] 45˚C 1 h 59

7 CuSO4/Na(asc) t–BuOH/H2O [3:2] 45˚C 45 min  68

8 CuSO4/Na(asc) DMF/H2O [3:2] 45˚C 1 h 75c

9 CuSO4/Na(asc) DMF/H2O [3:2] rt 1.5 h 83d

aReaction conditions: Azide (6, 2.4 mmol), alkyne (7a, 3.4 mmol), catalyst (CuI/
CuSO4, 1.9 mmol), sodium ascorbate (1.9 mmol), and DMF/H2O/3:2 (v/v/, 5 
mL). bYield of purified product 8a after column chromatography. cThe reaction 
was performed in the absence of rt. dConversion into product 8a was deter-
mined by 1H-NMR spectroscopy using TMS as an internal standard.

Table 2: List of substituted tetrahydro cyclo hepta pyridinone triazole 
derivatives (8) synthesized (Scheme 1).
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14.6 ± 1.0 (IC50 values below 15 µM). Compounds with p-metho-Compounds with p-metho-
xyphenyl substituted tetrazole (8c), difluorophenyl substituted 
tetrazole (8g), o-nitrophenyl substituted tetrazole (8i) elicited 
excellent anticancer activity against MCF-7 cell line with IC50 va-
lues 4.5 ± 3.1, 9.2 ± 1.5, 5.9 ± 0.7 μM when compared to DXN 
(IC50 = 4.83 ± 0.2 μM) respectively. Morover the compounds 8d, 
8f and 8h showed poor anticancer activity against MCF-7 cell 
line, whereas remaining triazole derivatives 8b and 8j did not 
showed any anticancer activity even upto concentration 50 μg/
mL. In contrast 1,2,3-triazole derivati ves 8a and 8c reveled high-1,2,3-triazole derivatives 8a and 8c reveled high-
est anticancer activity against MDA-MB-231 cell line accompa-
nied by IC50 = 2.1 ± 1.0, 3.4 ± 1.5 µM, when compared to DXN 
[IC50 = 3.78 ± 0.3 µM]. Novel 1,2,3‒triazolyltetrazoles 8d, 8g, and 
8i revealed potent antiprofilative potency against MDA-MB-231 
cell line with corresponding IC50 7.1 ± ± 0.9, 7.7 ± 1.2 and 7.2 ± 
2.9 μM respecti vely. Compounds 8b, 8f and 8h displayed mo-μM respecti vely. Compounds 8b, 8f and 8h displayed mo- respectively. Compounds 8b, 8f and 8h displayed mo-Compounds 8b, 8f and 8h displayed mo-
derate anticancer activity against human breast cancer cell line 
(MDA-MB-231) with their IC50 values 15.2 ± 1.2, 22.2 ± 3.1, and 
18.7 ± 2.3 μM, where as the target compounds 8e and 8k did 
not exhibited the anticancer activity against MDA-MB-231 cell 
line. Compounds 8a, 8c, 8g, and 8i revealed almost comparable 
and very prestigious anticancer activity against both MCF-7 and 
MDA-MB-231 cell lines.

Next, in addition to compounds 8c, 8g, and 8i, we concen-
trated on compounds 8a-b, 8d-f, 8h, and 8j-k that had esti-
mated total energy equal to or more than 20 kcal/mol. Using 
a well-established biochemical enzymatic assay technique, the 
SIRT1 inhibitory ability of these triazole-tetrazole derivatives 
was evaluated in vitro [42]. The results of this assay indicated 
that these compounds were efficient against SIRT1, as each of 
them inhibited the enzyme more than 50% at a dosage of 10 
μM (Table 4). Motivated by the results of in silico experiments, 
we evaluated the inhibitory effects of all the produced com-
pounds against SIRT1 in vitro. All the compounds were tested 
at a concentration of 10 μM and the readily available inhibitor 
Vorinostat (with the reported IC50 value against SIRT1 = 105.3 ± 
1.31 μM) was used as a positive control [43]. A majority of the 
compounds showed inhibition higher than 50% (Table 3) signi-

fying the usefulness of the current series of compounds against 
SIRT1. In this in vitro assay, the compounds 8a, 8c, 8g, and 8i that 
were shown to be the most advantageous in the in silico dock-
ing studies were also found to be the best active derivatives. 
It was discovered that the derivatives 8e and 8h were likewise 
active among the remaining chemicals. Interestingly, in terms 
of activity, none of the pyridinyl tetrazole derivatives (8j–k) 
seemed to be less promising. With IC50 values of 28.9± 1.4, 35.4 
± 3.9, and 35.9 ± 0.7 μM, respectively, compounds 7a, 7h, and 
7i containing isopropyl substituted triazole, difluoro phenyl sub-
stituted triazole, and mono fluoro phenyl substituted triazole 
evoked good to moderate activity against HCA-7 cell line. Moro-Moro-
ver the compounds 5b, 5d and 5g displayed potent anticancer 
activity against HT29 cell line with IC50 values 13.2 ± 1.2, 7.1 ± 
0.9, 7.7 ± 1.2 μM when compared to DXN (IC50 = 6.78 ± 0.3 μM) 
respectively. The current series of compounds SAR (Structure-
Activity-Relationship) revealed that the substituted groups at 
the C-11 position of the tetrahydro-5H-cyclohepta[b]pyridin-5-
one ring play a crucial function. It was discovered that the most 
active positions at this position were the p-methoxyphenyl ring, 
the o, p-difluoro phenyl ring, and finally the 2-nitro phenyl moi-
ety. The inclusion of various aryl moieties investigated at this 
location typically yielded compounds with moderate or low ac-
tivity, while p-methyl or p-chloro phenyl substituted tetrazoles 
at the same position seemed to be tolerated. Actually, a small 
alteration to the intended compounds caused a significant shift 
in their activity, indicating that compounds' activity rose as at-
oms' tendency to remove electrons increased. It was discovered 
that the nitrogen atom was less advantageous than the carbon 
atom (8j and 8k). However, the IC50 values found for the most 
active compounds, as shown in Table 3 and Figure 1, supported 
the results of the original in vitro tests that were followed by 
in silico research. Among the compounds studied, compound 
8g was shown to be the most potent, while compounds 8c and 
8i proved to be the next best. Additionally, it appeared that all 
three of these compounds, as well as 8a, 8e, and 8h, were many 
times more effective than vorinostat.

Autodock Binding Affinities of the Synthesized Compounds 
into hSIRT1 Receptor HDAC 

Once the library of triazole linked to tetrahydro-5H-
cyclohepta[b]pyridine derivatives (8) was successfully accessed 
quickly under CuAAC conditions, these compounds were first 
evaluated in silico against the target protein, hSIRT1. Using 
computational and experimental methodologies together is 
a compelling approach to designing and optimizing effective 

Table 3: Anticancer activity of the synthesized 1,2,3-triazole deriva-
tives against breast cancer cell linesa; SIRT1 inhibition of substituted 
triazoles (8) in vitrob.

Entry Breast cancer cell line (IC50 in µM Enzymatic assay

MCF-7 MDA-MB-231 % of inhibition 
(10 µM)

IC50 (µM)

8a 8.9 ± 1.4 2.1 ± 1.0 90.6 33.19 ± 2.01

8b NA 15.2 ± 1.2 74.8 --

8c 4.5 ± 3.1 3.4 ± 1.5 85.2 23.10 ± 1.42

8d 19.4 ± 2.2 7.1 ± ± 0.9 69.4 --

8e 13.3 ± 2.4 NA 67.2 65.3 ± 0.91

8f 43.2 ± 3.1 22.2 ± 3.1 70.2 --

8g 9.2 ± 1.5 7.7 ± 1.2 92.5 55.50 ± 2.10

8h 25.4 ± 3.9 18.7 ± 2.3 80.4 44.21 ± 1.77

8i 5.9 ± 0.7 7.2 ± 2.9 78.1 88.30 ± 2.62

8j NA 41.4 ± 2.7 65.2 --

8k 14.6 ± 1.0 NA 68.2 --
cDXN 4.8 ± 0.2 3.7 ± 0.3 0 --

Vorino-
stat

ND ND -- 105.2 ± 1.31

cDXN: Doxorubicin; IC50: compound concentration required to inhibit the cell 
viability by 50%; SEM: standard error mean; each value is the mean of three 
independent determinations; 1–5 (very strong). 5–10 (strong); 10–25 (moder-
ate); 25–50 (weak), and above 50 (non-cytotoxic); NA: IC50 value above 50 µM. 
bData represent the mean values of three independent determinations.

Figure 1: IC50 of compounds 8c, 8g, 8i and Vorinostat on HDAC 
inhibitors. Data are expressed as means of the three experi-
ments ± SD.
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medication candidates. In order to do docking investigations 
of these drugs, the crystal structure of hSIRT1 coupled to an 
HDAC inhibitor (PDB: 4I5I) was used. For this, a graphical auto-
matic drug design system, or the autodock4.2 version software, 
which is well-known to be appropriate for docking, screening, 
and analysis, was used [44-46]. Based on the estimated total 
energy of compounds presented in Table 4, the 1,2,3-triazoles 
8c, 8g, and 8i were considered as the most promising and po-
tential hits that seemed to be better than known SIRT1 inhibi-
tor Vorinostat. Besides, a number of other compounds showed 
estimated total energy equal to or greater than 10 kcal/mol that 
include 8a-b, 8d-f, 8h, and 8j-k. This was demonstrated by the 
docked pose's ability to replicate all of the crucial interactions 
that the co-crystallized ligands achieved with the hot spots in 
the active sites, including Val412(A), Asn346(A), Ile347(A), Phe273(A), 
and His363(A). Additionally, the small RMSD between the docked 
pose and the co-crystallized ligand was 0.69 Å. Up to three hy-
drogen bonds were detected between the docked compounds 
and hSIRT1 receptor HDAC. The formed hydrogen bonds are es-
tablished within distances of 2.56–3.16 Å and binding free ener-
gies (∆G) revealed were in the range of (‒11.26 to ‒12.66 kcal/
mol), with corresponding inhibition constants (Ki) being 2.29 
nM to 522.32 µM as represented in Table 4.

The docking of ligand 8c within the histone deacetylase 
pocket of hSIRT1 receptor allowing energy score −11.79 kcal/
mol, it was found that O32 of the 5-oxo-6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridine and N-linker played a vital role in the 
binding through a monodentate hydrogen bonded interaction 
with the backbone of the 4I5I protein with amino acids Val412(A) 
(distance: 2.98 Å). Moreover, the N15 of triazole ring shared fix-
ation through H-bond interaction with Asn346(A) with their bond 
distance 2.78 Å. This p-methoxyphenyl, cyclo hepta pyridinone, 
and triazoles were stabilized by π‒sigma stackings with Ile316(A), 
Ile270(A), Ile347(A) and Asn346(A) amino acids. and through hydro-
phobic interactions with His363(A), Ile411(A), Ile279(A), Ala262(A), 
Phe273(A), Ile347(A), Ile316(A) x 2 via π‒alkyl stackings as shown 
in Figure 2 & 5. Compound 8c was further stabilized by van der 
Waals interactions of its hepta pyridinone and triazole with 
amino acid residues Phe413(A), Pro318(A), Gly319(A), Tyr317(A), 
Gln320(A), Glu315(A), Phe297(A), Gln345(A), and Pro271(A) respective-
ly. Finally, it can be formed two carbon hydrogen bonds with the 
key active site of amino acids Asp348(A), Phe273(A) in the catalytic 
site enhance the binding affinity.

In addition, we also found that the binding mode predicted 
for 8g allow a better fit the entrance of HDAC binding site, maxi-

mizing the van der Waals interactions with Phe413(A), Gln320(A), 
Phe297(A), Phe321(A), Asp348(A), Pro271(A), Gln345(A) residues, and 
potentially justifying its increased activity compared to refer-
ence ligand. The difluoro phenyl, tetrazole and triazole rings 
of 8g shows hydrophobic interactions [π‒sigma] between the 
amino acids Ile270(A), Ile279(A), Asn346(A) respectively. While 
the free fluorophenyl group contains tetrazole shows three 
hydrophilic interactions (halogenated) with Ile347(A), Ile316(A), 
Glu315(A). As illustrated in the docking of 8g, the tetrazole and 
triazole scaffolds formed π‒π stackings with the backbones of 
Phe273(A) [3.04 Å], Phe273(A) [2.99 Å] within the hSIRT1 binding 
pocket. Moreover, the cyclo hepta pyridinone, triazole moieties 
improved fixation within 4I5I through the formation of three H-
bondings with Val412(A) [O32…N], Asn346(A) [N15…OD1], Ile347(A) 
[N15…N] and their bond distance 2.95 A˚, 2.83 A˚ and 2.80 Å 
respectively. In addition, this ligand displayed a highest π‒alkyl 
stackings with residues Ala262(A), His363(A), Ile411(A), Ile347(A) X 2, 
Ile316(A) X 2, Phe273(A) in the active site of hSIRT1 receptor (Fig-
ure 3 and 5).

Figure 2: 2D‒ and 3D‒ schematic binding interactions of com-
pound 8c into active site of anticancer protein 4I5I.

Table 4: Molecular interactions of ligands with amino acids of HDAC binding protein of hSIRT1 receptor (PDB: 4I5I).

Ligand
Hydrophobic interactions

Residue (H-bond type)
Length (Å)

Hydrophobic interactions
Residue (bond type)

Bond energy/ Ki

8c

Val412(A) [H-bond]
Asn346(A) [H-bond]

Asp348(A) [C-H bond]
Phe273(A) [C-H bond]

2.98 Å
2.78 Å
2.84 Å
3.05 Å

Ile316(A), Ile270(A), Ile347(A), Asn346(A) [π-sigma]
His363(A), Ile411(A), Ile279(A), Ala262(A), Phe273(A), Ile347(A), Ile316(A) x 2 [π-alkyl]

Phe413(A), Pro318(A), Gly319(A), Tyr317(A), Gln320(A), Glu315(A), Phe297(A), Gln345(A), Pro271(A) 
[Van der Waals]

-11.79/2.29 nM

8g

Val412(A) [H-bond]
Asn346(A) [H-bond]
Ile347(A) [H-bond]

Phe273(A) [C-H bond]

2.95 Å
2.83 Å
2.80 Å
3.16 Å

Ile270(A), Ile279(A), Asn346(A) [Π-sigma]
Ile347(A), Ile316(A), Glu315(A) [Halogenated]

Phe273(A) x 2 [π-π]
Ala262(A), His363(A), Ile411(A), Ile347(A) X 2, Ile316(A) x 2, Phe273(A) [π-alkyl]

Phe413(A), Gln320(A), Phe297(A), Phe321(A), Asp348(A), Pro271(A), Gln345(A) [Van der Waals]

-11.26/5.59 nM

8i

Val412(A) [H-bond]
Asn346(A) [H-bond]

Phe273(A) [C-H bond]
Pro271(A) [C-H bond]
Ile316(A) [C-H bond]
Ile270(A) [C-H bond]
Ile347(A) [C-H bond]

2.82 Å
2.66 Å
2.85 Å
2.56 Å
3.06 Å
2.75 Å
3.01 Å

Asn346(A), Ile270(A), Ile347(A), Ile316(A) [π-sigma]
Phe273(A) [π-π]

Ala262(A), His363(A), Ile279(A), Ile316(A) x 2, Ile270(A), Ile411(A), Ile347(A) [π-alkyl]
Gln345(A), Glu315(A), Phe321(A), Gln320(A), Asp348(A), Pro318(A), Phe297(A), Phe413(A), Tyr317(A) 

[Van der Waals]

-12.66/522.32 
µM
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By focusing upon compound 8i as the most active inhibitor, it 
fulfilled the key interactions in the active site of hSIRT1 receptor 
with energy score −12.66 kcal/mol, where hydrogen bondings 
was established between O32 of the cyclo hepta pyridinone 
moiety and nitrogen of the side chain of Val412(A), and N15 of tri-
azole and OD2 of the side chain of Asn346(A) and their bond dis-
tance 2.82 Å, 2.66 Å accordingly (Figure 4). On the other hand, 
the 2-nitrophenyl triazolyl tetrazole derivative 8i was found to 
highest van der Waals located in Gln345(A), Glu315(A), Phe321(A), 
Gln320(A), Asp348(A), Pro318(A), Phe297(A), Phe413(A), Tyr317(A) 
amino acids respectively. In addition, compound 8i formed 
eight Π‒alkyl bondings via residues Ala262(A), His363(A), Ile279(A), 
Ile316(A) x 2, Ile270(A), Ile411(A), Ile347(A) respectively. In particular, 

Figure 3: 2D and 3D representations of 8g conformation at the 
binding pocket of HDAC in hSIRT1 receptor (4I5I).

Figure 4: Two and three-dimensional interactions of 8i with the 
hSIRT1 binding site of HDAC (4I5I).

Figure 5: Ligplot interacting confirmations of compound 8c, 8g, 
and 8i into HDAC active site of hSIRT1 receptor (4I5I).

the 1,2,3-triazole ring of 8i predominantly interact with the side 
chain of Phe273(A) through π‒π interaction with distance 3.11 
Å. Differently, the triazole, tetrazole and cyclo hepta pyridinone 
fragments forms five extensive carbon-H bondings with amino 
acid residues Phe273(A), Pro271(A), Ile316(A), Ile270(A), Ile347(A) bur-
ied within the binding cavity via 2.85 Å, 2.56 Å, 3.06 Å, 2.75 Å, 
and 3.01 Å distance respectively. Molecule 8i showed an addi-
tional hydrophobic interaction like π‒sigma between 1,2,3-tri-
azole and Asn346(A) residue, tetrazole and Ile316(A), nitrobenzene 
and Ile270(A) pyridine and Ile347(A), which corresponds to the 
higher binding value and better anticancer activity when com-
pared to DXN.

In silico ADMET Prediction of Synthesized Compounds

SwissADME online web tool provided by the Swiss Institute 
of Bioinformatics (SIB) was implemented for the calculation 
of the physicochemical properties in addition to the predic-
tion of the pharmacokinetic properties and drug-likeness of 
the novel heterocyclic candidates 8a-k (Table 5 and Figure 6) 
[47,48]. It is anticipated that the substances submitted would 
have encouraging pharmacokinetic and physicochemical char-
acteristics. Every synthetic chemical (MW, mlogp, HBA, HBD, RB, 
and PSA) followed the Lipinski guidelines. Nonetheless, every 
chemical derivative that was generated was compatible with 
Lipinski. Every substance examined had a MW of less than 500. 
The molecules are therefore tiny, portable, quickly distributed, 
and effectively absorbed. Due to their abundance of rotatable 
bonds (RBs 5–6), all compounds in this class have a significant 
degree of structural flexibility. Less than 10 RBs increases the 
likelihood that a compound will be bioavailable. The availability 
of more RBs will influence their ability to successfully engage 
with particular binding sites. To avoid having to remove com-
pounds with bad qualities later on in the process, ideally before 
synthesis, it is imperative to calculate ADMET parameters early 
on in the creation of a medication or pesticide. The synthesized 
compounds (8a–k) were evaluated for lipophilicity, solubility, 
and Lipinski's Rule of Five predictions in order to create excel-
lent oral medications. Some theoretical ADME predictions of 
the newly synthesized compounds can aid in further in vitro 
and in vivo drug research. Thus, ADME online tools were used 
to compute the specified compound features, such as pharma-
cokinetics, lipophilicity, drug-likeness, water-solubility, toxicity 
risks, and physicochemical characteristics (Table 5) [49].

All compounds, with the exception of (8a, 8b, and 8i), would 
not pass the blood–brain barrier and their gastrointestinal ab-
sorption would be higher, according to Figure 6. Because it sup-
presses the CYP1A2, CYP2C19, CYP2C9, CYP2D6, and CYP3A4 

Figure 6: The boiled egg model for 8a-k. In terms of the medi-
cations being designed, white color stands for gastrointestinal 
absorption and yellow color for blood brain barrier (BBB). The 
proposed drugs are depicted by red circles.
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Table 5: Prediction of pharmacokinetics and physicochemical properties.
S.No. 8a 8b 8c 8d 8e 8f 8g 8h 8i 8j 8k

MW 434.47 434.47 448.50 432.50 452.92 487.37 454.46 436.47 463.47 419.46 419.46

Heavy Atoms 31 31 32 31 31 32 32 31 33 30 30

Csp3 0.25 0.25 0.29 0.29 0.25 0.25 0.25 0.25 0.25 0.26 0.26

nRoBt 5 5 6 5 5 5 5 5 6 5 5

H-BA 8 8 8 7 7 7 9 8 9 8 8

H-BD 1 1 0 0 0 0 0 0 0 0 0

M-refractivity 112.20 112.20 116.67 115.15 115.19 120.20 110.10 110.14 119.00 107.98 107.98

TPSA (A˚2) 149.80 149.80 138.80 129.57 129.57 129.57 129.57 129.57 175.39 142.46 142.46

iLog Po/w 2.92 2.26 2.89 2.69 2.98 2.99 2.93 3.02 2.48 2.67 2.58

XLog Po/w 1.80 1.80 2.13 2.52 2.79 3.41 2.36 2.26 1.99 1.09 1.09

WLog Po/w 2.45 2.45 2.75 3.05 3.40 4.05 3.86 3.30 2.65 2.14 2.14

mLog Po/w 1.78 1.78 2.00 2.50 2.77 3.26 3.04 2.66 1.48 1.28 1.28

ESOl logs -3.86 -3.86 -4.08 -4.30 -4.60 -5.19 -4.32 -4.17 -4.06 -3.34 -3.34

Silicos logs -5.36 -5.36 -6.05 -6.33 -6.53 -7.11 -6.47 -6.21 -5.29 -5.58 -5.58

GI Low Low Low High High Low Low High Low Low Low

BBB No No No No No No No No No No No

P-gp. sub. Yes Yes Yes Yes No No No No Yes Yes Yes

CYP1A2 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

CYP2C19 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

CYP2C9 No No Yes Yes Yes Yes No No No No No

CYP2D6 No No No No No No No No No No No

CYP3A4 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Skin perm. -7.67 -7.67 -7.52 -7.15 -7.08 -6.85 -7.40 -7.36 -7.71 -8.08 -8.08

Lipinski Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Ghose Yes Yes Yes Yes Yes No No No Yes Yes Yes

Veber No No Yes Yes Yes Yes Yes Yes No No No

Egan No No No Yes Yes Yes Yes Yes No No No

Muegge Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes

Bio. Score 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55

Lead likeness 1 1 1 1 1 1 1 1 1 1 1

Syn. Acces. 3.91 3.91 3.99 3.99 3.88 3.92 3.88 3.88 4.11 3.93 3.90

enzymes, it may also interact with other medications [50]. They 
showed good GIT absorption, moderate water solubility, and a 
projected wlogP in the range of 2.14–4.05. The drug-likeness cri-
teria established by prominent pharmaceutical corporations, in-
cluding Amgen, Ghose, Pfizer, Bailey, Veber, and Pharmacia, are 
met by the promising compounds. Additionally, all derivatives 
Log S values fall between -5.36 and -7.11, indicating a moderate 
water solubility. The synthesis of bioactive compounds, espe-
cially their formulation and handling, is significantly facilitated 
by the presence of a soluble molecule. As a result of these find-
ings, all compounds have a high theoretical bioavailability and 
might be used as drug-like and anticancer agents.

Conclusion 

In conclusion, we focused on the tetrahydro-5H-cyclohepta[b]
pyridin-5-one framework for the design and synthesis of com-
pounds that could potentially inhibit SIRT1. In light of this, the 
target compounds were conventionally synthesized utilizing the 
environmentally friendly alkyne-azide functionalized CuAAC 
coupling procedure. Their structural identity was then verified 
by FTIR, 1H and 13C NMR, and HRMS. To assess the effects of sub-
stituents at various positions on the biological activities against 
a human breast cancer cell line (MCF-7 & MDA-MB-231), phar-
macological tests were conducted. Several of these 1,2,3-triazo-
lyl tetrazole derivatives demonstrated encouraging inhibitory 
effects (> 50% inhibition) when tested in vitro against SIRT1, 
which was consistent with the findings of docking studies. Upon 
preliminary evaluation of the synthesized compounds against 

hSIRT1 in silico, multiple compounds, including 8a, 8c, 8e, 8g, 
and 8i, were identified as potential inhibitors. The majority of 
active drugs' docking posture contacts with the hSIRT1 recep-
tor's HDAC active site (4I5I) revealed three significant H-bond 
interactions with the protein's residues, Val412(A), Asn346(A), 
Ile347(A) which were mirrored in their estimated total energy. 
However, our efforts, which included the original design, con-
ventional synthesis, in vitro and in silico tests, made it easier 
to identify tetrahydro-5H-cyclohepta[b]pyridin-5-one based tri-
azolyl tetrazoles as putative inhibitors of SIRT1 for additional re-
search. Thus, we have revealed the potential therapeutic utility 
of this class of compounds against cancer as well as the efficien-
cy of copper catalyst for the synthesis of tetrahydro-cyclohepta 
pyridinone derivatives.

Highlights
• 1,2,3‒Triazolyl tetrazoles fused with tetrahydro cyclo 

hepta pyridinones were created and synthesised on the basis of 
virtual screening. 

• In vitro studies of the synthesized compounds were 
evaluated utilizing MTT colorimetric assay using MCF-7, MDA-
MB 231 cell lines.

• Safety profiles of the most potent derivatives were 
screening into hSIRT1 receptor on HDAC inhibitors.

• Computational molecular modeling, docking energy 
calculations and ADMET predictions were performed to know 
the best lead candidates.
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• In comparison to the reference drug doxorubicin, the 
compound 8c displayed good in-vitro activities for all the pa-
rameters.
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