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Abstract

Twenty novel 1-(1H-1,2,3- triazol-4-yl)methyl)-1-pyrazolo[3,4-b]quinoline compounds were synthesized via the
copper(l) catalyzed [3+2] dipolar cycloaddition (CUAAC) of different organic azides and 1-(prop-2-yn-1-yl)-1H-
pyrazolo[3,4-b]quinoline. Their structures were confirmed by NMR spectroscopy and HRMS. Antibacterial and
antitubercular assays showed activity between 299 and 383 uM. The a-glucosidae assay showed promising
results for the unsubstituted derivatives of all three series of compounds (59 uM, 73 uM and 70 uM). The
compounds were not effective as anticancer agents with ICsp values >814 uM against Caco2, HepG2 and Hela
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Introduction

Drug resistance has become a major threat to public health with third world countries having the highest
risks.2? There is thus a need to synthesise and identify additional antibiotics, that can be used to combat the
pathogens when currently used drugs are no longer effective. One of the ways to increase activity and efficacy
of small molecule drugs is through molecular hybridization, creating conjugate molecules of two or more
bioactive pharmacophores with the aim of forming more active but less toxic drugs. Conjugate molecules have
the ability to act on multiple sites or by multiple modes, and therefore may have different mechanisms of
action to current antibiotics, making them good alternatives if safe and active compounds could be identified.?

Quinoline and pyrazole moieties are two popular heterocyclic scaffolds in small molecule drug design and
development. They are known to have broad biological activity such as antibacterial, anticancer, antimalarial,
antitubercular, anti-inflammatory and antiviral activity.*> Pyrazoloquinoline derivatives are planar heterocyclic
compounds formed by the fusion of quinoline and pyrazole moieties. These compounds were discovered in
the early 1900s and exhibit a range of bioactivities such as antimicrobial,® anticancer,” antimalarial,®
antitubercular® and anti-inflammatory.'° Pyrazolo[3,4-b]quinolinyl acetamide derivatives were synthesised by
chlorinating quinoline-2(1H)ones using POCI3 and forming the fused derivative using hydrazine hydrate with
promising antimicrobial and anticancer activity.!! Pyrazolo[3,4-b]quinolines were also synthesised by a water-
mediated one pot cyclocondensation reaction of 2-chloro-quinoline-3-carbaldehyde and hydrazine hydrate.'?
Lewis acid catalysts such as InCls improved yields in the synthesis of pyrazoloquinolines.!3

Triazoles are found in many bioactive molecules having antibacterial,* anticancer,? antitubercular,!® anti-
inflammatory,’” antidiabetic,'® antimalarial,®® antiparasitic,?° antioxidant,?! antiviral,?? anti-Alzheimer’s,?3 in
neuroprotective agents,?* and in carbonic anhydrase inhibition agents.?> Examples of some clinically approved
and commercialized 1,2,3-triazoles are tazobactam (a B-lactam antibiotic), rufinamide (anticonvulsant agent),
TSAO (an antiviral agent - HIV reverse transcriptase inhibitor), and carboxyamidotriazole (CAl, an anticancer
agent). The presence of the three nitrogen atoms (one pyrrole type and two pyridine type) makes the triazole
ring electron rich resulting in increased hydrogen bonding ability and resistance to biodegradation, favourable
for binding to biomolecular targets.?® Their ability to act as both a hydrogen bond donor and acceptor has
made this moiety one of the more popular moieties in drug design and discovery.?® It is also a popular linker,
connecting two or more pharmacophores, and replacing an amide group with the 1,2,3-triazole moiety has
shown enhanced activity.?>?7:2 The 1,2,3-triazole unit has also been used to mimic the amide linker in peptide
synthesis, since it is stable and able to resist biodegradation by enzymes.?*-3!

The most commonly used method of synthesising 1,2,3-triazoles is using a Copper (l) catalyzed azide-
alkyne cycloaddition reaction, also known as click chemistry.3%33 Different methods of synthesis were also
explored such as the ruthenium catalyzed azide-alkyne cycloaddition (RUuAAC) that affords the 1,5-
disubstituted 1,2,3-triazole moiety;3* the one-pot three component reaction of aldehydes with nitroalkanes
and sodium azide;3> the reaction of enamines with tosyl azide;?® metal free synthesis such as the
Knoevenagel/azide-alkyne cycloaddition reaction;3’ solvent-free synthesis using a supported catalyst3® and a
metal free catalytic reaction of aldehydes and arylazides.3® Triazole-containing cystatin A derivatives were
synthesised through a peptidomimetic alkyne-azide ligation reaction replacing the amides in order to
synthesize peptides that can withstand enzyme degradation under normal physiological conditions. These
cystatin A derivatives were shown to be active against breast cancer cells.*®

More recently, quinoline-1,2,3-triazole hybrids were synthesised using different aromatic azides and
quinolines, and evaluated for their antibacterial, antifungal and anticancer activity, where compounds with
broad-spectrum antimicrobial and selective anticancer potency were identified with significantly low
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cytotoxicity against normal cell lines.*42 This prompted us to investigate the synthesis of pyrazoloquinoline-
triazole hybrid compounds and their bioactivity.

Results and Discussion

Chemistry

The synthesis of the twenty hybrid compounds began with the formation of the alkyne precursor via a four-
step reaction (Scheme 1). Aniline was reacted with acetic acid and acetic anhydride to afford the intermediate
acetanilide (1). The 2-chloroquinoline-3-carbaldehyde (2) was then formed through a Vilsmeier Haack reaction
using phosphoryl chloride and dimethyl formamide.*®* This formed the basis for synthesising the
pyrazoloquinoline (3) with hydrazine in a short 2-hour reaction with conventional heating.’> The
pyrazoloquinoline (3) was then propargylated to yield the propargylated pyrazoloquinoline intermediate (4).4

The azide precursors were synthesized separately either from anilines or benzyl chlorides (Scheme 1). In
the case of anilines, substituted anilines were either treated with bromo acetyl chlorides resulting in 2-bromo-
N-phenylacetamides (5a-g), which were refluxed with sodium azide in DMF producing azidophenylacetamides
(6a-g) or the anilines themselves treated with sodium nitrite in a diazotisation reaction forming the diazonium
salt and then sodium azide to form azidobenzenes (7a-g). The benzyl chloride precursors were treated with
sodium azide to form azidomethylbenzenes (8a-f). The methoxy derivative did not form with the benzyl
chloride precursor, despite several attempts.

The target molecules (9a-g, 10a-g and 11a-f) were synthesised by coupling the propargylated
pyrazoloquinoline (4) with the azides (6a-g, 7a-g and 8a-f) via the CuAAC reaction, an azide-alkyne Huisgen
cycloaddition reaction, a 1,3-dipolar cycloaddition reaction between an azide and a terminal alkyne.*%444>
Structural elucidation of the synthesized hybrid molecules was carried out with NMR (*H,'3C, 2D), and their
structures confirmed by HRMS.

Structural elucidation

The synthesized compounds were characterized using NMR and their exact masses confirmed by HRMS. The
numbering of the compounds is shown in Figure 1. Using compound 9a as an example, the amide proton NH-
18 was seen as a singlet at 5 10.42. Two other singlets in the aromatic region were that of H-4 at 5 9.00 and H-
3 at 6 8.51. They were distinguished by an HMBC correlation between H-4 and C-5 at 6 128.3. H-4 also showed
HMBC correlations to C-3a, C-3, C-8a and C-9a at 6 116.9, 6 134.2, 6 148.1 and & 150.0, and H-3 showed
correlations to C-3a and C-9a only. On the quinoline ring, H-5 and H-8 appeared as doublets at 6 8.09 (J = 8.6
Hz) and 0 8.18 (J = 8.4 Hz), with H-7 appearing as a multiplet at 6 7.81-7.85 and H-6 overlapping with the H-
2'/6' resonance at O 7.50-7.56. The H-7 resonance showed a HMBC correlation to C-8a at & 148.1,
distinguishing H-7 from H-6.

The two methylene proton resonances, H-10 and H-16 appeared as two-proton singlet resonances at o
5.88 and & 5.28, while the triazole proton H-15 can be seen at & 8.07 as a singlet. Being three bonds apart,
both the methylene protons showed HMBC correlations to C-15 at 6 125.7. H-10 also showed HMBC
correlations to C-9a and C-11 at 6 149.9 and 143.3 respectively, and H-16, a HMBC correlation to the carbonyl
resonance, C-17 at & 164.6. The aromatic proton resonances of H-2'/6', H-3'/5' and H-4' were present as
multiplets at 6 7.50-7.56, 6 7.29-7.33 and & 7.05-7.09.
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Scheme 1. Synthesis of pyrazoloquinoline-1,2,3-triazole hybrids.
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In the 3C NMR spectrum, all the singlet aromatic C-N resonances, C-1', C-11, C-8a and C-9a appeared more
downfield at 6 138.4, 143.3, 148.1 and 150.0, while the other two singlet resonances, C-4a and C-3a appeared
more upfield from these at 6 124.6 and & 116.8. These resonances were assigned by the HMBC correlations
mentioned above, either to H-4, H-3 or H-10. C-1' also showed HMBC correlations to H-3'/5' and H-2'/6'. The
other 13C NMR resonances were assigned using their corresponding 'H NMR resonances in the HSQC
spectrum.

The structural elucidation of the other two sets of compounds were carried out in a similar manner. The
resonances remained largely similar, with slight shifts for H-10 being noted (Figure 1). When the phenyl ring is
directly attached to the triazole ring, this affects the chemical shift of H-15 (Figure 1). The H-15 resonance is
now notably more downfield, possibly through the conjugation between the triazole and aromatic rings. Thus,
in 10a, H-15 now appears at 0 8.77 as opposed to 6 8.06 in 9a. Notably, H-16 is more shielded in 9a at & 5.28
than in 11a, where it appears at 8 5.56. This is due to the electron donation from the amide group in 9a,
shielding the resonance.

Most of the carbon resonances were also similar among the three sets of compounds appearing in the
same region with the C-15 resonance moving upfield as you remove the amide group and methylene groups
from the molecule respectively (0 125.6 to 6 124.2 to & 122.3) (Figure 2). The chemical shift of C-1" is also
deshielded by the presence of the amide group in 9a resonating at 8 138.4. An overlay of the 'H and 3C NMR
spectra for compounds 9a, 10a and 11a are shown in Figures 1 and 2.
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Figure 1. Overlay of the *H NMR spectra for compounds 9a,10a and 11a (unsubstituted derivatives).
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Antibacterial activity

The antibacterial activity of the synthesized compounds (9a-g,10a-g and 11a-f) was determined for five Gram-
positive bacteria (MRSA - ATCC 10069, Streptococcus pyogenes ATCC 49247, Bacillus subtilis ATCC 12344,
Enterococcus faecium ATCC 19434 and Staphylococcus aureus ATCC 25923), and three Gram-negative bacteria
(Enterococcus hormaechei ATCC 700232, Pseudomonas aeruginosa ATCC 27853 and Escherichia coli ATCC
35218). Compounds 9a-c, 9e, 10a-d, 10f, 11a and 11e showed potential activity by exhibiting a significant zone
of inhibition, showing activity for 3 or more bacterial strains and met the criteria for having potential broad-
spectrum activity against both Gram-positive and Gram-negative bacteria. These compounds were further
tested for their minimum inhibition concentration (MIC) values by means of a serial dilution assay comparing
them to the currently commercialised drug standard ciprofloxacin. Unfortunately, all the tested compounds
showed weak antibacterial activity of >200 uM (Table 1).
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Figure 2. Overlay of the 3C NMR spectra for compounds 9a,10a and 11a (unsubstituted derivatives).
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Table 1. Antibacterial activity of selected compounds against 8 bacterial strains (MIC in uM)

Entry MRSA  SA SP BS EC EH EF PA
9a 326 - 326 - - - - 326
9b 311 - 311 - >500 - 311 311
9c 299 - - - - - - 299
9e 315 - - - - 315 - 315
of 302 - - - - - - 302
10a 383 - 383 - - 383 383 383
10b 363 - - - - - - 363
10c >500 - 347 347 - - - 347
10f >500 - 351 - 351 - - 351
10g - - 337 - - - - -
11a - - 367 - - - - 367
11b >500 - 349 - - - - 349
11c >500 - - - - - - 334
1le >500 - - 353 353 - - 353
DMSO >500  >500 >500 >500  >500  >500  >500  >500
cIp 12 2 2 2 2 2 2 2

MRSA = methicillin resistant Staphylococcus aureus ATCC 10069; SA = Staphylococcus aureus
ATCC 25923; SP = Streptococcus pyogenes ATCC 49247; BS = Bacillus subtilis ATCC 12344; EC =
Escherichia coli ATCC 35218; EH = Enterobacter hormaechei ATCC 700232; EF = Enterococcus
faecalis ATCC 19434; PA = Pseudomonas aeruginosa ATCC 27853.

Antitubercular activity

All 20 compounds were tested for their antitubercular activity against the Mycobacterium tuberculosis H37Rv
strain using a microbroth dilution assay with erythromycin as the positive standard. Table 2 shows the ICq
values (the concentration needed to inhibit 90% of growth) of the tested compounds and the standard.
Although nine compounds showed some activity, five were active at concentrations > 500 uM. The other four
showed activity with ICqo values 5-8 times higher than erythromycin, a known antitubercular drug. Compounds
9b, 9c and 9f had activity in the region of 300 uM, while compound 10a had the best activity with an ICq of
192 uM, five times higher than erythromycin.

Page 7 of 20 ©AUTHOR(S)



Arkivoc 2025 (3) 202512403 Ntshele, T. A. et al.

Table 2. Antitubercular activity of the synthesised compounds (ICgo in uM)

Entry ICq0
9a >500
9b 311
9c 299
of 302
10a 192
10b >500
10f >500
11a >500
1le >500

Erythromycin 40

Antidiabetic Activity

The synthesized compounds were evaluated for their a-glucosidase inhibitory activity according to Ademiluyi
and Oboh? and a-amylase inhibitory activity according to Ibitoye et al*’ with slight modifications and using
acarbose as the standard. The percentage inhibition and ICsp values of the tested compounds are shown in
table 3.

With the exception of compounds 9d, 10b-10d and 11e, all other compounds had a % inhibition greater
than or equal to 75% against a-glucosidase at 125 pug mL1. Compounds 9a, 10a and 11a had a % inhibition
between 88-90% at 125 pug mL?!, comparable to acarbose, with a % inhibition of 89% at the same
concentration. Compound 9a was the most active with a % inhibition of 90% and ICso value of 59 uM, followed
by 9f (% inhibition of 87% and ICso of 61 uM) and 9g (% inhibition of 81% and ICsp of 68 uM). The ICso of these
three compounds were 2-fold higher than that of acarbose with an ICso of 32 uM.

The only compound that showed any appreciable activity against a.-amylase was 9a with a % inhibition of
60% at 125 pg mL? and ICso value of 253 uM, comparable to acarbose in the same assay which had a %
inhibition of 57% at the same concentration, and an ICso value of 182 uM. Although compounds 9f, 10a, and
11a-b had a % inhibition between 49-55% at 125 pg mL%, they all had ICso values of greater than 400 pM
against a-amylase.

Thus, compound 9a, being active in both the a-glucosidase and a-amylase assays, could be considered a
hit compound for further development as a potential antidiabetic drug. This compound had an unsubstituted
phenylamide methylene moiety attached to the triazole linker.
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(Percentage inhibition

a-Glucosidase o-Amylase
Entry % Inhibition ICso % Inhibition ICso
9a 90 59 60 253
9b 78 73 16 -
9¢c 77 74 8 -
9d 68 92 5 -
9e 78 73 14 -
of 87 61 49 724
9g 81 68 33 -
10a 88 73 55 476
10b 55 - -
10c 49 - 3 -
10d 74 90 3 -
10e 82 86 32 -
10f 78 86 47 -
10g 79 76 19 -
11a 88 70 54 418
11b 85 71 54 730
11c 75 85 4 -
11d 80 75 14 -
1le 60 - 4 -
11f 78 75 9 -
Acarbose 89 32 57 182

The dash denotes greater than 100 uM for a-Glucosidase and 1000 pM
for a-Amylase

Anticancer activity

The anti-proliferative activity of the synthesized compounds was investigated in vitro against three cancer cell
lines, HepG2 (liver cancer), Hela (cervical cancer) and Caco2 (colon cancer) using the MTT assay, and
comparing the activity with the anticancer drug 5-fluorouracil (5-FU). However, none of the compounds were
active. All had ICsp values >814 uM, two orders of magnitude greater than the standard 5-FU with 1Cso values
of 17.45 uM against HepG2, 13.76 uM against Caco2, and 2.40 uM against Hela.

Conclusions

A library of novel pyrazoloquinoline-1,2,3-triazole hybrids was successfully synthesized using click chemistry
(CuAAC mediated) with good yields, successfully combining phenyl amide, benzyl and phenyl moieties to a
pyrazoloquinoline backbone through a triazole linker. The synthesised compounds showed moderate
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antibacterial, antidiabetic and antitubercular activity, and was inactive against the HepG2 (liver) and Caco2
(colon) cancer cell lines.

Experimental Section

General. Chemicals and reagents were purchased from Sigma Aldrich and Merck, and used without any
further purification while organic solvents were distilled according to standard procedures. TLC analysis was
carried out using silica gel aluminium 60 F2sa plates purchased from Merck South Africa. Purifications were
carried out by column chromatography with silica gel (60- 120 mesh) as the stationary phase and ethyl acetate
and hexane mixtures with varying polarity as the mobile phase. H, '3C and 2D nuclear magnetic resonance
(NMR) analysis was carried out on a BRUKER AVANCE 400 and 600 MHz spectrometer. Chemical shifts (8) were
reported in parts per million (ppm) and coupling constants (J) in Hertz. Deuterated chloroform (CDCls) and
dimethyl sulfoxide-ds (DMSO-ds) were used for NMR analysis referenced to 7.24 ppm (*H) and 77.23 ppm (*3C)
for CDCl3 and 2.50 ppm (*H) and 39.51 ppm (*3C) for DMSO-ds. TopSpin 4.0.7 software (Bruker) was used to
process the NMR data. Infrared spectra were recorded on a Perkin Elmer Spectrum 100 FT-IR spectrometer
with universal ATR sampling accessory. High resolution mass spectra were obtained using a Waters LCT
Premier instrument operated at ambient temperatures. Calibration and lock standards were prepared
according to Waters procedural document (#715001062, rev. A). Calibration standard: sodium formate
at concentration of 5 mM. The lockmass was sample-dependant, and selected based on closest mass.
Melting points of compounds were determined in an electrothermal melting point apparatus (Cole-Palmer
Stuart, 75 W, 230 V).

Synthesis of 2-chloroquinolin-3-carbaldehyde (2). Dry N,N-dimethylformamide (1.5 mL, 19 mmol) was added
under inert conditions using nitrogen gas to a 2-neck round bottom flask placed in an ice bath at 0 °C.
Phosphoryl chloride (5.2 mL, 56 mmol) was then added dropwise while stirring, followed by acetanilide (1.0 g,
7.4 mmol), and the reaction was refluxed at 100 °C for 24 h with the condenser fitted with a CaCl; drying tube.
Upon completion, the reaction mixture was cooled, poured onto crushed ice, and stirred at 0-10 °C for 1 h.
The precipitate that formed was filtered, washed with water, and dried to produce 1.17 g (83%). *H-NMR (400
MHz, CDCls-d): 510.54 (1H, s, H-9), 8.74 (1H, s, H-4), 8.06 (1H, d, J = 8.5 Hz, H-8), 7.97 (1H, d, J = 8.2 Hz, H-5),
7.87 (1H, dd, J = 7.6, 8.5 Hz, H-7), 7.64 (1H, dd, J = 7.3, 8.2 Hz, H-6). 3C NMR (100 MHz, CDCls-d): 189.2 (C-9),
140.3 (C-4), 133.6 (C-7), 129.7 (C-5), 128.6 (C-6), 128.1 (C-8), 126.5 (C-2). The quaternary carbons C-3, 4a and
8a could not be detected. The 'H NMR resonances are consistent with that reported in Toth et al.*®
Synthesis of pyrazolo[3,4-b]lquinoline (3). The 2-chloroquinoline-3-carbaldehyde (1.0 g, 5.2 mmol) and
hydrazine hydrate (6.0 mL, 123 mmol) were dissolved in water and refluxed at 100 °C for 2 h. The reaction was
monitored by TLC. Upon completion, the reaction was cooled, and the precipitate that formed was filtered,
washed with water and dried to produce 677 mg (77%). *H-NMR (400 MHz, DMSO-ds): 6 13.58 (1H, s, NH),
8.97 (1H, s, H-4), 8.47 (1H, s, H-3), 8.17 (1H, d, J = 8.4 Hz, H-8), 8.03 (1H, d, J = 8.7 Hz, H-5), 7.81 (1H, dd, J = 8.4,
7.0 Hz, H-7), 7.52 (1H, dd, J = 8.7, 7.3 Hz, H-6). 13C NMR (100 MHz, DMSO-ds): & 152.1 (C-9a), 148.2 (C-8a),
134.6 (C-3), 130.9 (C-4), 130.8 (C-7), 130.1 (C-8), 128.2 (C-5), 124.4 (C-4a), 123.8 (C-6), 116.3 (C-3a). The H
NMR data is consistent with that in Afghan et al.*®
Synthesis of 1-(prop-2-yn-1-yl)-1H-pyrazolo[3,4-b]quinoline (4). Pyrazolo[3,4-b]quinoline (500 mg, 3.0 mmol)
was dissolved in DMF. K,CO3 (553 mg, 4.00 mmol) and propargyl bromide (0.5 mL, 6.6 mmol) were then
added, and the reaction mixture stirred for 24 h at room temperature. Upon completion, the reaction mixture
Page 10 of 20 ©AUTHOR(S)
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was poured onto crushed ice, and the precipitate that formed was filtered, washed with water, and dried. The
solid precipitate was then purified by column chromatography (80:20, ethyl acetate:hexane) to produce 4 (392
mg, 64%). 'H-NMR (400 MHz, DMSO-ds): 69.01 (1H, s, H-4), 8.53 (1H, s, H-3), 8.19 (1H, d, J = 8.5 Hz, H-8), 8.07
(1H, d, J = 8.3 Hz, H-5), 7.84 (1H, dd, J = 8.5, 7.2 Hz, H-7), 7.54 (1H, dd, J = 8.3, 7.2 Hz, H-6), 5.41 (2H, s, H-10),
3.33 (1H, s, H-12). 13C NMR (100 MHz, DMSO-ds): 6 149.7 (C-9a), 148.1 (C-8a), 134.7 (C-3), 132.1 (C-4), 131.5
(C-7),130.2 (C-8), 128.2 (C-5), 124.7 (C-4a), 124.3 (C-6), 116.9 (C-3a), 79.4 (C-11), 75.5 (C-12), 36.5 (C-10).
Synthesis of 2-(4-((1H-pyrazolo[3,4-b]quinolin-1-yl)methyl)-1H-1,2,3-triazol-1-yl)-N-phenylacetamides (9a-g).
Substituted anilines (10.6 mmol) were dissolved in dichloromethane and cooled to 0 °C. Triethylamine (1.2 g,
11.9 mmol) was then added with stirring, followed by bromoacetyl chloride (1.5 mL, 18.1 mmol), added
dropwise at 0 °C while continually stirring for 1 h. Upon completion, the reaction mixture was diluted with
dichloromethane, washed with 2 M HCI, water, saturated NaHCOs3, brine, and then dried over anhydrous
MgSQa4. The solvent was removed in vacuo to obtain the amide, which was used immediately for the next step.
The substituted 2-bromo-N-phenylacetamides (1.20 mmol) were dissolved in DMF, and sodium azide (114 mg,
1.75 mmol) was added. The contents were refluxed at 80-90 °C for 1-2 h, then poured onto crushed ice where
most of the azide products precipitated out. The few azide products that did not precipitate were extracted
with DCM, dried over anhydrous MgSO4 and the solvent removed in vacuo. Yields of 73 to 98% were achieved
for the azides 6a-g.

The propargylated pyrazolo quinoline intermediate 4 (100 mg, 0.483 mmol) was dissolved in DCM:H,0 (1:1)
(10 mL). A mixture of CuSO4.5H,;0 (25 mg, 0.100 mmol) and sodium ascorbate (42 mg, 0.212 mmol) was mixed
in 2.5 mL H;0O, forming a yellow solution, and added to the solution. The 2-azido-N-phenylacetamides (0.5
mmol) (6a-g) were dissolved in 2.5 mL dichloromethane and added to the mixture (in separate reactions). The
reaction was stirred at room temperature for 2 h. Upon completion, the contents were extracted with DCM
(20 mL) and dried over anhydrous MgS04, and the solvent was removed in vacuo. The product was purified by
column chromatography with a 40% EtOAc:60% hexane mobile phase to yield the products 9a-g in yields of 56
to 92%.

2-(4-((1H-Pyrazolo[3,4-b]quinolin-1-yl)methyl)-1H-1,2,3-triazol-1-yl)-N-phenylacetamide (9a) off white
powder. mp 211-212 °C. yield 65%. IR (solid, KBr, vmax, cm™): 3199, 3091, 2921, 1678, 1596, 1555. 'H NMR
(400 MHz, DMSO-ds): 610.42 (1H, s, H-18), 9.00 (1H, s, H-4), 8.51 (1H, s, H-3), 8.18 (1H, d, J = 8.5 Hz, H-8), 8.09
(1H, d, J = 8.7 Hz, H-5), 8.06 (1H, s, H-15), 7.83 (1H, dd, J = 8.5, 7.6 Hz, H-7), 7.50-7.56 (3H, m, H-2’/6’,6), 7.31
(2H, dd, J=7.8, 7.5 Hz, H-3’/5’), 7.01 (1H, dd, J = 7.3, 7.3 Hz, H-4’), 5.88 (2H, s, CH,-10), 5.28 (2H, s, CH,-16). 13C
NMR (100 MHz, DMSO-dg): 6 164.6 (C-17), 150.0 (C-9a), 148.1 (C-8a), 143.4 (C-11), 138.8 (C-1’), 134.2 (C-3),
131.8 (C-4), 131.3 (C-7), 130.2 (C-8), 129.4 (C-3'/5'), 128.3 (C-5), 125.6 (C-15), 124.6 (C-4a), 124.2 (C-6), 124.1
(C-4’), 119.6 (C-2’/6’), 116.8 (C-3a), 52.6 (C-16), 42.3 (C-10). HRMS: (ESI*-MS, m/z) calcd for C21H17N7ONa (M +
Na)*: 406.1392 found 406.1382.
2-(4-((1H-Pyrazolo[3,4-b]quinolin-1-yl)methyl)-1H-1,2,3-triazol-1-yl)-N-(4-fluorophenyl)acetamide (9b)
yellow powder. mp 222-224 °C. yield 92%. IR (solid, KBr, vmax, cm™): 3207, 3056, 2922, 2161, 2019, 1670, 1617,
1556. 'H NMR (400 MHz, DMSO-ds) 610.46 (1H, s, H-18), 9.03 (1H, s, H-4), 8.53 (1H, s, H-3), 8.21 (1H,d, /= 8.4
Hz, H-8), 8.12 (1H, d, J = 8.7 Hz, H-5), 8.08 (1H, s, H-15), 7.87 (1H, dd, J = 7.8, 7.4 Hz, H-7), 7.54-7.61 (3H, m, H-
6,3’/5’), 7.19 (1H, dd, J = 8.7, 8.6 Hz, H-2’/6’), 5.91 (2H, s, CH,-10), 5.29 (2H, s, CH>-16). 3C NMR (100 MHz,
DMSO-dg): 6 164.5 (C-17), 158.6 (d, J = 238.8 Hz, C-4’), 150.0 (C-9a), 148.1 (C-8a), 143.4 (C-11), 135.2 (C-1’),
134.2 (C-3), 131.9 (C-4), 131.3 (C-7), 130.2 (C-8), 128.3 (C-5), 125.6 (C-15), 124.6 (C-4a), 124.1 (C-6), 121.5 (d, J
=7.8 Hz, C-2'/6’), 116.9 (3a), 115.9 (d, J = 22.2 Hz, C-3'/5’), 52.6 (C-16), 42.3 (C-10). HRMS: (ESI*-MS, m/z) calcd
for C21H16N7OFNa (M + Na)*: 424.1298 found 424.1296.
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2-(4-((1H-Pyrazolo[3,4-b]quinolin-1-yl)methyl)-1H-1,2,3-triazol-1-yl)-N-(4-chlorophenyl)acetamide (9c)
brown powder. mp 251-252 °C. yield 58%. IR (solid, KBr, vmax, cm™): 3322, 3073, 2934, 2160, 2007, 1680, 1599.
'H NMR (400 MHz, DMSO-ds): 610.62 (1H, s, H-18), 9.04 (1H, s, H-4), 8.54 (1H, s, H-3), 8.22 (1H, d, J = 8.3 Hz,
H-8), 8.12 (1H, d, J = 8.7 Hz, H-5), 8.09 (1H, s, H-15), 7.87 (1H, dd, /= 7.8, 7.5 Hz, H-7), 7.59 (2H, d, / = 8.6 Hz, H-
3’/5%), 7.56 (1H, dd, J = 7.8, 7.4 Hz, H-6), 7.40 (2H, d, J = 8.5 Hz, H-2’/6’), 5.91 (2H, s, H-10), 5.32 (2H, s H-16).
13C NMR (100 MHz, DMSO-ds): 5164.8 (C-17), 149.9 (C-9a), 148.1 (C-8a), 143.4 (C-11), 137.8 (C-1’), 134.2 (C-3),
131.9 (C-4), 131.6 (C-7), 130.2 (C-8), 129.3 (C-2'/6’), 128.3 (C-5), 127.8 (C-4’), 125.6 (C-15), 124.6 (C-4a), 124.1
(C-6), 121.1 (C-3’/5’), 116.8 (C-3a), 52.6 (C-16), 42.3 (C-10). HRMS: (ESI*-MS, m/z) calcd for C21H16N7OCINa (M +
Na)*: 440.1003 found 441.0991.
2-(4-((1H-Pyrazolo[3,4-b]quinolin-1-yl)methyl)-1H-1,2,3-triazol-1-yl)-N-(4-bromophenyl)acetamide (9d) light
brown powder. mp 246-250 °C. yield 60%. IR (solid, KBr, vmax, cm™): 3258, 2918, 2851, 2160, 2022, 1674, 1616,
1589. H-NMR (400 MHz, DMSO-ds): 5 10.68 (1H, s, H-18), 9.04 (1H, s, H-4), 8.54 (1H, s, H-3), 8.22 (1H, d, J =
8.3 Hz, H-8), 8.12 (1H, d, J =8.7 Hz, H-5), 8.08 (1H, s, H-15), 7.87 (1H, dd, J = 7.7, 7.6 Hz, H-7), 7.51-7.57 (5H, m,
H-6,2’/6",3’/5’), 5.90 (2H, s, H-10), 5.35 (2H, s, H-16). 23C NMR (100 MHz, DMSO-ds): 5 164.8 (C-17), 149.9 (C-
9a), 148.1 (C-8a), 143.4 (C-11), 138.2 (C-1’), 134.2 (C-3), 132.2 (C-2’/6’), 131.9 (C-4), 131.3 (C-7), 130.2 (C-8),
128.3 (C-5), 125.7 (C-15), 124.6 (C-4a), 124.1 (C-6), 121.6 (C-3’/5"), 116.9 (C-3a), 115.8 (C-4’), 52.6 (C-16), 42.3
(C-10). HRMS: (ESI*-MS, m/z) calcd for Ca1H16N70BrNa (M + Na)*: 484.0497 found 484.0494.
2-(4-((1H-Pyrazolo[3,4-b]quinolin-1-yl)methyl)-1H-1,2,3-triazol-1-yl)-N-(4-methylphenyl)acetamide (9e)
white powder. mp 216-220 °C. yield 61%. IR (solid, KBr, vmax, cm™): 3266, 3092, 2920, 2160, 2013, 1676, 1608,
1553. 1H NMR (400 MHz, DMSO-ds): 510.39 (1H, s, H-18), 9.05(1H, s, H-4), 8.54 (1H, s, H-3), 8.22 (1H, d, J = 8.3
Hz, H-8), 8.13 (1H, d, J = 7.2 Hz, H-5), 8.09 (1H, s, H-15), 7.87 (1H, dd, J = 7.6, 7.5 Hz, H-7), 7.56 (1H, dd, J = 7.5,
7.4 Hz, H-6), 7.46 (2H, d, J = 8.2 Hz, H-2’/4’), 7.14 (2H, d, J = 8.2 Hz, H-3/5"), 5.91 (2H, s, CH2-10), 5.29 (2H, s,
CH2-16), 2.27 (3H, s, H-19). 13C NMR (100 MHz, DMSO-ds): & 164.3 (C-17), 149.9 (C-9a), 148.1 (C-8a), 143.3 (C-
11), 136.3 (C-1’), 134.2 (C-3), 133.1 (C-4’), 131.8 (C-4), 131.3 (C-7), 130.2 (C-8), 129.7 (C-3’/5’), 128.3 (C-5),
125.6 (C-15), 124.6 (C-4a), 124.1 (C-6), 119.6 (C-2’/6’), 116.8 (C-3a), 52.5 (C-16), 42.2 (C-10), 20.29 (C-19).
HRMS: (ESI*-MS, m/z) calcd for C22H1sNgONa (M + Na)*: 420.1549 found 420.1553.
2-(4-((1H-Pyrazolo[3,4-b]quinolin-1-yl)methyl)-1H-1,2,3-triazol-1-yl)-N-(4-methoxyphenyl)acetamide (9f)
light brown powder. mp 219-221 °C. yield 59%. IR (solid, KBr, vmax, cm™): 3266, 2947, 2920, 2160, 2013, 1676,
1608, 1552. 'H NMR (400 MHz, DMSO-ds): §10.30 (1H, s, H-18), 9.03 (1H, s, H-4), 8.53 (1H, s, H-3), 8.22 (1H, d,
J=8.3 Hz, H-8), 8.12 (1H, d, J = 8.7 Hz, H-5), 8.07 (1H, s, H-15), 7.87 (1H, dd, J = 7.8, 7.3 Hz, H-7), 7.56 (1H, dd, J
= 7.5, 7.4 Hz, H-6), 7.48 (2H, d, J = 8.7 Hz , H-3'/5’), 6.91 (2H, d, J = 8.8 Hz, H-2’/6’), 5.90 (2H, s, CH,-10), 5.26
(2H, s, CH2-16), 3.74 (3H, s, H-19). 13C NMR (100 MHz, DMSO-ds): & 164.8 (C-17), 155.9 (C-4’), 149.9 (C-9a),
148.1 (C-8a), 143.4 (C-11), 134.2 (C-3), 131.9 (C-1’), 131.8 (C-4), 131.3 (C-7), 130.2 (C-8), 128.2 (C-5), 125.6 (C-
15), 124.6 (C-4a), 124.1 (C-6), 121.2 (C-2’/6’), 116.8 (C-3a), 114.4 (C-3’/5’), 55.6 (C-19), 52.5 (C-16), 42.3 (C-10).
HRMS: (ESI*-MS, m/z) calcd for C22H19N702Na (M + Na)*: 436.1498 found 436.1496.
2-(4-((1H-Pyrazolo[3,4-b]quinolin-1-yl)methyl)-1H-1,2,3-triazol-1-yl)-N-(4-nitrophenyl)acetamide (9g) brown
powder. mp 251-253 °C. yield = 56%. IR (solid, KBr, vmax, cm™): 3323, 2919, 2161, 2021, 1696, 1617, 1554. H
NMR (400 MHz, DMSO-ds): & 11.2 (1H, s, H-18), 9.03 (1H, s, H-4), 8.53 (1H, s, H-3), 8.22 (2H, d, J = 9.1 Hz, H-
3’/5’), 8.20 (1H, d, J = 8.8 Hz, H-8), 8.12 (1H, d, J = 8.9 Hz, H-5), 8.10 (1H, s, H-15), 7.83-7.88 (3H, m, H-2'/6’,7),
7.55 (1H, dd, J = 7.4, 7.4 Hz, H-6), 5.91 (2H, s, CH2-16), 5.41 (2H, s, CH2-10). 13C NMR (100 MHz, DMSO-d): 165.7
(C-17), 149.9 (C-9a), 148.1 (C-8a), 145.0 (C-4’), 143.4 (C-11), 143.0 (C-1’), 134.2 (C-3), 131.9 (C-4), 131.3 (C-7),
130.2 (C-8), 128.2 (C-5), 125.7 (C-15), 125.5 (C-3'/5’), 124.6 (C-4a), 124.1 (C-6), 119.4 (C-2’/6’), 116.8 (C-3a),
52.7 (C-16), 42.3 (C-10). HRMS: (ESI*-MS, m/z) calcd for C21H16NsOsNa (M + Na)*: 451.1243 found 451.1243.
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Synthesis of substituted 1-((1-(4-Phenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-pyrazolo[3,4-b]quinolines (10a-g).
Para substituted anilines (10.0 mmol) were dissolved in 6M aqueous HCI (10 mL) at 0 °C. Sodium nitrite (0.5
mL, 15.7 mmol) was dissolved in water (25 mL) and added to the aniline. The reaction was stirred at 0 °C for
30 min. Sodium azide (1.0 g, 15.4 mmol) was then dissolved in water (50 mL), added to the reaction mixture,
and stirred at 0-10 °C for 2 h. Upon completion, the reaction mixture was extracted with dichloromethane (30
mL), dried over anhydrous MgSQs, and the solvent removed in vacuo to obtain the azidobenzenes (7a-g) in
yields of 61-96%.
The propargylated pyrazole quinoline (4) (80 mg, 0.386 mmol) was dissolved in DCM:H,0 (1:1) (10 mL), mixed
with CuS04.5H;0 (25 mg, 0.100 mmol) and sodium ascorbate (42 mg, 0.212 mmol) in 2.5 mL water, forming a
yellow solution. The azidobenzenes (0.400 mmol) (7a-g) were each dissolved in 2.5 mL dichloromethane,
added to the mixture and stirred at room temperature for 2 h. Upon completion, the product was extracted
with dichloromethane (20 mL), dried over anhydrous MgS0O4 and the solvent removed in vacuo. The product
was purified with column chromatography using a mobile phase of EtOAc:MeOH (99:1) in good vyields of 54 —
61 %.
1-((1-Phenyl-1H-1,2,3-triazol-4-yl)methyl)-1H-pyrazolo[3,4-b]quinoline (10a) yellow powder. mp 146-148 °C;
yield 54%. IR (solid, KBr, vmax, cm™1): 3135, 2926, 2179, 1735, 1614, 1498. H NMR (400 MHz, DMSO-ds): 59.01
(1H, s, H-4), 8.77 (1H, s, H-15), 8.52 (1H, s, H-3), 8.19 (1H, d, J = 8.3 Hz, H-8), 8.10 (1H, d, J = 8.7 Hz, H-5), 7.85
(2H, d, J = 8.2 Hz, H-2’/¢’), 7.83 (1H, dd, J = 8.2, 8.2 Hz, H-7), 7.51-7.58 (3H, m, H-6, 3’/5’), 7.46 (1H, dd, J = 7.3,
7.4 Hz, H-4’), 5.93 (2H, s, H-10). 13C NMR (100 MHz, DMSO-ds): §150.1 (C-9a), 148.1 (C-8a), 144.7 (C-11), 137.0
(C-1), 134.4 (C-3), 131.9 (C-4), 131.3 (C-7), 130.3 (C-3’/5’), 130.1 (C-8), 129.1 (C-4’), 128.3 (C-5), 124.6 (C-4a),
124.1 (C-6), 122.3 (C-15), 120.5 (C-2'/6),116.9 (C-3a), 42.2 (C-10). HRMS: (ESI*-MS, m/z) calcd for C19H14NsNa
(M + Na)*: 349.1178 found 349.1187.
1-((1-(4-Fluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-pyrazolo[3,4-b]quinoline (10b) light brown powder.
mp 159-161 °C. yield 66 %. IR (solid, KBr, vmax, cm™): 3129, 2927, 2166, 1704, 1617, 1508. *H NMR (400 MHz,
DMSO-ds): 6 9.03 (1H, s, H-4), 8.78 (1H, s, H-15), 8.55 (1H, s, H-3), 8.23 (1H, d, J = 8.4 Hz, H-8), 8.12 (1H, d, J =
8.7 Hz, H-5), 7.94 (2H, dd, J = 8.7, 4.6 Hz, H-3'/5’), 7.86 (1H, dd, J = 7.7, 7.7 Hz, H-7), 7.58 (1H, dd, /= 7.8, 7.2
Hz, H-6), 7.43 (2H, dd, J = 8.8, 8.6 Hz, H-2’/6’), 5.96 (2H, s, H-10). 13C NMR: & 162.0 (d, J = 244.2 Hz, C-4’), 150.1
(C-9a), 148.1 (C-8a), 144.7 (C-11), 134.4 (C-3), 133.6 (C-1’), 131.9 (C-4), 131.3 (C-7), 130.1 (C-8), 128.2 (C-5),
124.6 (C-4a), 124.1 (C-6), 122.8 (d, J = 8.7 Hz, C-2’/6’), 122.5 (C-15), 117.1 (d, J = 23.2 Hz, C-3’/5), 116.9 (C-3a),
42.1 (C-10). HRMS: (ESI*-MS, m/z) calcd for CigH13NsFNa (M + Na)*: 367.1083 found 367.1080.
1-((1-(4-Chlorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-pyrazolo[3,4-b]quinoline (10c) brown powder. mp
145-147 °C. yield 60%. IR (solid, KBr, vmax, cm™): 3147, 2924, 2182, 1733, 1618, 1498. 'H NMR (400 MHz,
DMSO-ds): 59.02 (1H, s, H-4), 8.82 (1H, s, H-15), 8.54 (1H, s, H-3), 8.21 (1H, d, J = 8.3 Hz, H-8), 8.12 (1H, d, J =
8.7 Hz, H-5), 7.94 (2H, d, J = 8.7 Hz, H-3'/5"), 7.86 (1H, dd, J = 8.2, 7.2 Hz, H-7), 7.64 (2H, d, J = 8.9 Hz, H-2'/6’),
7.55 (1H, dd, J = 7.7, 7.3 Hz, H-6), 5.96 (2H, s, H-10). 13C NMR (100 MHz, DMSO-ds): & 150.0 (C-9a), 148.1 (C-
8a), 144.9 (C-11), 135.8 (C-4’), 134.4 (C-3), 133.4 (C-1"), 131.9 (C-4), 131.3 (C-7), 130.2 (C-2’/6’), 130.1 (C-8),
128.2 (C-5), 124.7 (C-4a), 124.0 (C-6), 122.4 (C-15), 122.2 (C-3'/5’), 116.9 (C-3a), 42.1 (C-10). HRMS: (ESI*-MS,
m/z) calcd for C1sH13NeCINa (M + Na)*: 383.0788 found 383.0776.
1-((1-(4-Bromophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-pyrazolo[3,4-b]quinoline (10d) brown powder. mp
178-180 °C. yield 53%. IR (solid, KBr, vmax, cm™): 3101, 2925, 2171, 1731, 1617, 1491. 'H NMR (400 MHz,
DMSO-dg): 6 9.01 (1H, s, H-4), 8.79 (1H, s, H-15), 8.52 (1H, s, H-3), 8.19 (1H, d, J = 8.2 Hz, H-8), 8.09 (1H, d, J/ =
8.7 Hz, H-5), 7.85 (2H, d, J = 8.9 Hz, H-2/6’), 7.82-7.84 (1H, m, H-7), 7.75 (2H, d, J = 8.8 Hz, H-3'/5’), 7.53 (1H,
dd, J = 7.6, 7.3 Hz, H-6), 5.93 (2H, s, H-10). 133C NMR (100 MHz, DMSO-ds): & 150.0 (C-9a), 148.1 (C-8a), 144.9
(C-11), 136.1 (C-1’), 134.4 (C-3), 133.1 (3’/5), 131.9 (C-4), 131.3 (C-7), 130.1 (C-8), 128.2 (C-5), 124.7 (C-4a),
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124.1 (C-6), 122.4 (C-2'/6’), 122.3 (C-15), 121.7 (C-4’), 116.9 (C-3a), 42.1 (C-10). HRMS: (ESI*-MS, m/z) calcd for
Ci9H13N6BrNa (M + Na)*: 427.0283 found 427.0292.
1-((1-(p-Tolyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-pyrazolo[3,4-b]quinoline (10e) cream powder. mp 183-184
°C. yield 61%. IR (solid, KBr, vmax, cm™): 3130, 2926, 2161, 1736, 1615, 1492. 'H NMR (400 MHz, DMSO-ds): &
8.99 (1H, s, H-4), 8.68 (1H, s, H-15), 8.49 (1H, s, H-3), 8.17 (1H, d, J = 7.6 Hz, H-8), 8.08 (1H, d, J = 8.7 Hz, H-5),
7.83 (1H, ddd, J=7.6, 6.9, 1.5 Hz, H-7), 7.71 (2H, d, J = 8.5 Hz, H-2’/6’), 7.52 (1H, ddd, J = 8.7, 6.9, 1.0 Hz, H-6),
7.34 (1H, d, J = 8.3 Hz, H-3’/5’), 5.91 (2H, s, H-10), 2.34 (3H, s, H-16). 3C NMR (100 MHz, DMSO-ds): & 150.0
(C-9a), 148.0 (C-8a), 144.5 (C-11), 138.8 (C-1’), 134.7 (C-4’), 134.4 (C-3), 131.9 (C-4), 131.4 (C-7), 130.6 (C-
3’/5’), 130.1 (C-8), 128.2 (C-5), 124.6 (C-4a), 124.1 (C-6), 122.2 (C-15), 120.4 (C-2’/6’), 116.9 (C-3a), 42.1 (C-10),
21.0 (C-16). HRMS: (ESI*-MS, m/z) calcd for CaoH1sNsNa (M + Na)*: 363.1334 found 363.1344.
1-((1-(4-Methoxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-pyrazolo[3,4-b]quinoline (10f) white powder. mp
185-186 °C. yield 59%. IR (solid, KBr, vmax, cm™): 3138, 2934, 2242, 1731, 1614, 1518. 'H NMR (600 MHz,
DMSO-ds): §9.06 (1H, s, H-4), 8.72 (1H, s, H-15), 8.57 (1H, s, H-3), 8.24 (1H, d, J = 8.3 Hz, H-8), 8.15 (1H, d, J =
8.7 Hz, H-5), 7.88 (1H, dd, J = 8.3, 7.1 Hz, H-7), 7.82 (2H, d, J = 9.0 Hz, H-3’/5’), 7.56 (1H, dd, J = 7.8, 7.1 Hz, H-
6),7.14 (2H, d, J = 9.0 Hz, H-2/6’), 5.89 (2H, s, H-10), 3.86 (3H, s, H-16). 13C NMR (100 MHz, DMSO-ds): 5159.7
(C-4’), 150.1 (C-9a), 148.1 (C-8a), 144.4 (C-11), 134.4 (C-3), 131.9 (C-4), 131.3 (C-7), 130.4 (C-1’), 130.1 (C-8),
128.2 (C-5), 124.7 (C-4a), 124.1 (C-6), 122.3 (C-15), 122.2 (C-3’/5’), 116.9 (C-3a), 115.2 (C-2’/6’), 56.0 (C-16),
42.1 (C-10). HRMS: (ESI*-MS, m/z) calcd for C2o0H1sNsONa (M + Na)*: 379.1283 found 379.1286.
1-((1-(4-Nitrophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-pyrazolo[3,4-b]quinoline (10g) brown powder. mp
228-230 °C. yield 55%. IR (solid, KBr, vmax, cm™): 3147, 2924, 2182, 1733, 1618, 1498. 'H NMR (400 MHz,
DMSO-ds): §9.05 (1H, s, H-4), 9.00 (1H, s, H-15), 8.56 (1H, s, H-3), 8.44 (2H, d, J = 9.1 Hz, H-3’/5’), 8.23 (3H, d, J
= 9.2 Hz, H-8,2’/6’), 8.13 (1H, d, J = 8.7 Hz, H-5), 7.87 (1H, ddd, J = 8.7, 7.0, 1.3 Hz, H-7), 7.56 (1H, dd, J = 8.7,
7.0 Hz, H-6), 5.99 (2H, s, H-10). 133C NMR (100 MHz, DMSO-ds): §150.1 (C-9a), 148.1 (C-8a), 147.2 (C-4’), 145.4
(C-11), 141.2 (C-1’), 134.5 (C-3), 131.9 (C-4), 131.4 (C-7), 130.2 (C-8), 128.2 (C-5), 125.9 (C-3’/5’), 124.7 (C-4a),
124.1 (C-6), 122.8 (C-15), 121.1 (C-2’/6’), 116.9 (C-3a), 42.0 (C-10). HRMS: (ESI*-MS, m/z) calcd for
Ci19H13N70;2Na (M + Na)*: 394.1028 found 394.1020.

Synthesis of substituted 1-((1-(4-benzyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-pyrazolo[3,4-b]quinolines (11a-f).
Substituted benzyl chlorides (2.5 mmol) were dissolved in EtOH:H,0 (8:1 ml) (18 mL), and sodium azide (244
mg, 3.75 mmol) was added before stirring at room temperature for 16 h. On completion, the product was
extracted with dichloromethane (20 mL), dried over anhydrous MgSO4 and the solvent removed in vacuo to
obtain the benzyl azides in yields of 58-89%. They were then dissolved in dichloromethane (0.425 mmol in 2.5
mL), added to a mixture of the propargylated pyrazoloquinoline (4) (80 mg, 0.386 mmol) dissolved in DCM:H,0
(2:1) (20 mL) with CuS04.5H,0 (25 mg, 0.100 mmol) and sodium ascorbate (42 mg, 0.212 mmol). The reaction
was stirred at room temperature for 6 h and monitored by TLC. Upon completion, the product was extracted
with dichloromethane (20 mL), dried over anhydrous MgSQ4, and the solvent removed in vacuo. The product
was purified using column chromatography with a mobile phase of ethyl acetate: hexane (2:3) to produce the
products 11a-f in yields between 61-99%.
1-((1-Benzyl-1H-1,2,3-triazol-4-yl)methyl)-1H-pyrazolo[3,4-b]quinoline (11a) white powder. mp 190-192 °C.
yield 61%. IR (solid, KBr, Vmax, cm): 3134, 2919, 2166, 1726, 1615, 1497. *H NMR (600 MHz, DMSO-ds): 59.01
(1H, s, H-4), 8.49 (1H, s, H-3), 8.18 (1H, d, J = 7.7 Hz, H-8), 8.12 (1H, s, H-15), 8.06 (1H, d, J = 8.6 Hz, H-5), 7.83
(1H, ddd, J = 8.7, 6.7, 1.4 Hz, H-7), 7.55 (1H, ddd, J = 8.3, 6.7, 1.0 Hz, H-6), 7.27-7.35 (5H, m, H-2’/¢’, 3'/5’,4’),
5.83 (2H, s, H-10), 5.54 (2H, s, H-16). 133C NMR (100 MHz, DMSO-ds): 5 150.0 (C-9a), 148.1 (C-8a), 143.8 (C-11),
136.5 (C-1’), 134.2 (C-3), 131.9 (C-4), 131.4 (C-7), 130.2 (C-8), 129.2 (C-2’/6’), 128.6 (C-5), 128.4 (C-3’/5’), 128.1
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(C-4'), 124.6 (C-4a), 124.2 (C-15), 124.1 (C-6), 116.8 (C-3a), 53.2 (C-16), 42.3 (C-10). *An accurate mass could
not be determined due to poor ionisation.
1-((1-(4-Fluorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-pyrazolo[3,4-b]quinoline (11b) white powder. mp
201-202 °C. yield 62%. IR (solid, KBr, vmax, cm™): 3130, 2921, 2182, 1728, 1616, 1498. *H NMR (600 MHz,
DMSO-ds): 58.99 (1H, s, H-4), 8.49 (1H, s, H-3), 8.18 (1H, d, J = 8.2 Hz, H-8), 8.12 (1H, s, H-15), 8.06 (1H, d, J =
8.6 Hz, H-5), 7.83 (1H, dd, J = 7.3, 7.1 Hz, H-7), 7.52 (1H, dd, /= 7.6, 7.2, Hz, H-6), 7.35 (2H, dd, J = 8.8, 5.6 Hz,
H-2’/6’), 7.17 (2H, dd, J = 8.8, 8.8 Hz, H-3’/5’), 5.81 (2H, s, H-10), 5.52 (2H, s, H-16). 3C NMR (150 MHz, DMSO-
ds): 5162.3 (d, J = 242.8 Hz, C4’), 150.0 (C-9a), 148.1 (C-8a), 143.8 (C-11), 134.2 (C-3), 132.7 (C-1’), 131.9 (C-4),
131.3 (C-7), 130.7 (d, J = 8.5 Hz, C-2’/6’), 130.2 (C-8), 128.2 (C-5), 124.6 (C-4a), 124.1 (C-6, C-15), 116.8 (C-3a),
116.0 (d, J = 21.2 Hz, C-3’/5’), 52.4 (C-16), 42.3 (C-10). HRMS: (ESI*-MS, m/z) calcd for C2oH1sNeFNa (M + Na)*:
381.1240 found 381.1245.
1-((1-(4-Chlorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-pyrazolo[3,4-b]quinoline (11c) cream powder. mp
196-198 °C. yield 77%. IR (solid, KBr, vmax, cm™): 3134, 2945, 2172, 1727, 1617, 1492. 'H-NMR (600 MHz,
DMSO-ds): §8.97 (1H, s, H-4), 8.48 (1H, s, H-3), 8.17 (1H, d, J = 8.3 Hz, H-8), 8.13 (1H, s, H-15), 8.06 (1H, d, J =
8.7 Hz, H-5), 7.82 (1H, dd, J = 8.3, 7.2 Hz, H-7), 7.52 (1H, dd, J = 8.7, 7.2 Hz, H-6), 7.40 (2H, d, J = 8.3 Hz, H-
3’/5’), 7.30 (2H, d, J = 8.3 Hz, H-2/6'), 5.83 (2H, s, H-10), 5.54 (2H, s, H-16). 13C NMR (100 MHz, DMSO-ds): &
150.0 (C-9a), 148.1 (C-8a), 143.8 (C-11), 135. 4 (C-4’), 134.2 (C-3), 133.3 (C-1’), 131.8 (C-4), 131.3 (C-7), 130.3
(C-3’/5’), 130.1 (C-8), 128.6 (C-2’/6’), 128.2 (C-5), 124.6 (C-4a), 124.3 (C-15), 124.1 (C-6), 116.9 (C-3a), 52.4 (C-
16), 42.3 (C-10). HRMS: (ESI*-MS, m/z) calcd for CaoH1sNsCl (M + Na)*: 397.0944 found 397.0934.
1-((1-(4-Bromobenzyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-pyrazolo[3,4-b]quinoline (11d) white powder. mp
202-204 °C. yield 60%. IR (solid, KBr, vmax, cm™): 3135, 2921, 2165, 1723, 1616, 1489. 'H-NMR (600 MHz,
DMSO-ds): 58.99 (1H, s, H-4), 8.48 (1H, s, H-3), 8.17 (1H, d, J = 8.3 Hz, H-8), 8.12 (1H, s, H-15), 8.06 (1H, d, J =
8.6 Hz, H-5), 7.83 (1H, dd, J = 8.3, 8.3 Hz, H-7), 7.54 (2H, d, J = 8.3 Hz, H-3’/5’), 7.52-7.54 (1H, m, H-6), 7.23 (2H,
d,J=8.3 Hz, H-2’/6’), 5.82 (2H, s, H-10), 5.52 (2H, s, H-16). 1*C NMR (100 MHz, DMSO-ds): §150.0 (C-9a), 148.1
(C-8a), 143.8 (C-11), 135.8 (C-1), 134.2 (C-3), 132.1 (C-3'/5’), 131.8 (C-4), 131.3 (C-7), 130.7 (C-2’/¢’), 130.1 (C-
8), 128.2 (C-5), 124.6 (C-4a), 124.2 (C-15), 124.1 (C-6), 121.9 (C-4’), 116.9 (C-3a), 52.5 (C-16), 42.3 (C-10).
HRMS: (ESI*-MS, m/z) calcd for CoH1sNgBrNa (M + Na)*: 441.0439 found 441.0430.
1-((1-(4-Methylbenzyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-pyrazolo[3,4-b]quinoline (11le) yellow powder. mp
198-199 °C. yield 69%. IR (solid, KBr, vmax, cm™): 3124, 2920, 2091, 1725, 1615, 1491. 'H-NMR (600 MHz,
DMSO-ds): 58.98 (1H, s, H-4), 8.48 (1H, s, H-3), 8.17 (1H, d, J = 8.2 Hz, H-8), 8.07 (1H, s, H-15), 8.06 (1H, d, J =
8.5 Hz, H-5), 7.82 (1H, dd, J = 8.2, 7.3 Hz, H-7), 7.52 (1H, dd, J = 8.5, 7.3 Hz, H-6), 7.17 (2H, d, J = 7.9 Hz, H-
3’/5’), 7.12 (2H, d, J = 7.8 Hz, H-2’/6’), 5.81 (2H, s, H-10), 5.47 (2H, s, H-16), 2.25 (3H, s, H-17). 3C NMR (100
MHz, DMSO-dg): 6 150.0 (C-9a), 148.1 (C-8a) 143.8 (C-11), 137.9 (C-4’), 134.2 (C-3), 133.4 (C-1’), 131.8 (C-4),
131.3 (C-7), 130.2 (C-8), 129.7 (C-3’/5’), 128.5 (C-2’/6’), 128.2 (C-5), 124.6 (C-4a), 124.2 (C-6), 124.0 (C-15),
116.9 (C-3a), 53.0 (C-16), 42.3 (C-10), 21.1 (C-17). HRMS: (ESI*-MS, m/z) calcd for CaiHisNeNa (M + Na)*:
377.1491 found 377.1483.
1-((1-(4-Nitrobenzyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-pyrazolo[3,4-b]quinoline (11f) cream white powder.
mp 234-236 °C. yield 98%. IR (solid, KBr, vmax, cm™?): 3114, 2920, 2104, 1738, 1615, 1510. 'H-NMR (600 MHz,
DMSO-ds): 58.99 (1H, s, H-4), 8.49 (1H, s, H-3), 8.16-8.20 (4H, m, H-15, H-8, H-3'/5'), 8.06 (1H, d, J = 8.7 Hz, H-
5), 7.82 (1H, ddd, J = 8.6, 7.8, 1.3 Hz, H-7), 7.53 (1H, ddd, J = 8.7, 7.8, 1.0 Hz, H-6), 7.49 (2H, d, J = 8.7 Hz, H-
2'/6’), 5.85 (2H, s, H-10), 5.72 (2H, s, H-16). 13C NMR (150 MHz, DMSO-ds): & 150.0 (C-9a), 148.1 (C-8a), 147.7
(C-4’), 143.9 (C-11), 143.8 (C-1"), 134.3 (C-3), 131.9 (C-4), 131.3 (C-7), 130.1 (C-8), 129.4 (C-3'/5’), 128.2 (C-5),
124.7 (C-15), 124.6 (C-4a), 124.3 (C-2’/6’), 124.1 (C-6), 116.8 (C-3a), 52.3 (C-16), 42.3 (C-10). HRMS: (ESI*-MS,
m/z) calcd for CaoH1sN7O2Na (M + Na)*: 408.1185 found 408.1183.
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Antibacterial activity

The synthesized compounds were prepared by dissolving 2.0 mg of compound in 2.0 mL of DMSO (Merck) to
make sample solutions with a concentration of 1 mg mL?. The hybrid compounds were screened for the
antibacterial activity against three Gram-negative bacteria (Enterobacter hormaechei ATCC 700232,
Pseudomonas aeruginosa ATCC 27853 and Escherichia coli ATCC 35218) and five Gram-positive bacteria
(methicillin resistant S. aureus (MRSA) ATCC 10069, Streptococcus pyogenes ATCC 49247, Bacillus subtilis ATCC
12344, Enterococcus faecalis ATCC 19434 and Staphylococcus aureus ATCC 25923). The initial screening was
done using the zone of inhibition method.*® Initially, the bacterial strains were grown in nutrient broth
overnight at 37 °C and diluted with sterile distilled water to achieve a required concentration of 600 nm
(OD600). The bacterial strains were inoculated into Mueller Hinton Agar plates (Composition (g L): Beef
infusion solids 2.0; starch 1.5; Casein hydrolysate 17.5; Agar 17.0; Final pH (at 25 °C) 7.3 + 0.2) by streaking.
The samples were then spotted onto the inoculated plates in triplicate using Ciprofloxacin and DMSO as
controls. The plates were incubated for 18 h at 37 °C.

Compounds that had significant zones of inhibition were further tested to determine their Minimum
Inhibition Concentration (MIC). Using broth microdilution plates (96 microtiter well plates containing 12 rows),
2 -fold serial dilutions were carried out using 100 pL stock solution diluted with Mueller Hinton broth to get
the concentration of the compounds between 250-0.49 pg mL* (10 wells) with Ciprofloxacin and DMSO as
controls in the remaining two wells. The bacterial strain solution (100 pL) was added into all plate wells, sealed
and incubated at 37 °C for 18 h. A fluorescent dye, resazurin was then added, which turn the wells with
bacterial growth pink showing the lowest concentration that inhibits bacterial growth.

Antitubercular activity

Compounds were dissolved in dimethyl sulfoxide (Merck) to create stock solutions of 1 mg mL? and stored at
-20 °C. Cultures of Mycobacterium tuberculosis H37Rv (ATCC 27294) in MiddleBrook 7H9 (Difco) broth
supplemented with 0.1% glycerol (Merck) and 10% oleic acid-albumin-dextrose-catalase (OADC) (Becton-
Dickinson) were aerobically grown at 37 °C until an optical density (OD)soonm Of 1 was attained. This was
equivalent to approximately 3 x 108 bacilli mL™.>° The antitubercular activity of the synthesized compounds
against M. tuberculosis was tested in 3 biological assays in triplicate using microbroth dilution assays in a BSL-3
laboratory. Microtiter plates were set up using 96 well plates containing 12 rows. Antibiotic stocks, containing
4 x the initial concentration (4 mg mL™) required for the first row in the plate, were set up and 100 pL of the
stock solution was inoculated into the first row. Thereafter, 2-fold serial dilutions were carried out from row 2
to row 12 by transferring 50 pL from one well to the next and diluting it to 100 puL and repeating the process in
the next rows.

The M. tuberculosis culture inoculum was diluted 10-fold, and a 50 uL aliqguot was added to each well. These
plates were sealed and incubated at 37 °C for 7 days. Thereafter, 30 uL 0.02% resazurin solution was aliquoted
into each well and the plates incubated at 37 °C overnight. Microbial growth was measured by observing the
resazurin colour change from blue to pink. In addition to the compounds tested, Erythromycin was included as
positive controls and broth and DMSO solvent as negative controls. The minimum inhibitory concentration
(MIC) was interpreted as the lowest concentration inhibiting a colour change from blue to pink.

Antidiabetic activity

Samples were prepared by dissolving 2.0 mg of compound in 2.0 mL DMSO (Merck) to make a stock solution
with a concentration of 1 mg mL™.

For the a-Glucosidase inhibition assay, samples were tested using a known method from the literature with
slight modifications.*® Approximately 200 pL aliquots of the compound (1 mg mL™) or standard acarbose (50 —
400 mg mL?') was added to the a-glucosidase (1.0 U/mL) solution in 100 mM sodium sulphate buffer at pH 6.8.
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The mixture was incubated for 15 min at 37 °C. A volume of 5 mM para-nitrophenyl B-D-glucopyranoside (50
uL) was then added and the mixture further incubated for 30 min at 37 °C. The absorbance of the resulting
solution was measured at 405 nm and the inhibitory activity of the compounds calculated as the percentage of

the control sample using the % inhibition expression below.
Absorbance of compound

% Inhibition = (1 N Absorbance of control ) x 100

For the a-Amylase inhibition assay, a method from the literature was used with slight modification.*’
Approximately 200 pL aliquots of compound or standard acarbose (50 — 400 mg mL?) was added to a 200 pL
porcine pancreatic amylase solution (0.5 mg mL?) in 200 mM sodium sulphate buffer at pH 6.9 and incubated
for 10 min at 25 °C. Thereafter, approximately 500 pL of 1 % starch solution was added and the mixture
further incubated for 15 min at 25 °C. The reaction was terminated by the addition of 1 mL dinitrosalicylate
reagent, and then boiled for 10 min. The cooled mixture was diluted with 5 mL distilled water and the
absorbance measured at 405 nm. The inhibitory activity of the compound was calculated as the percentage
control using the % inhibition expression used above.

Anticancer activity

Stock solutions of the compounds were prepared by dissolving 1 mg in 10% DMSO (Merck) in water to a
concentration of 1 mg mL?. HepG2, Hela and Caco2 cells were maintained in Eagle’s minimal essential
medium (EMEM) and supplemented with 10% (v/v) gamma-irradiated FBS and 1% antibiotics (100 U mL™*
penicillin, 100 pg mL?! streptomycin) at 37 °C and 5% CO,, in a HEPA Class 100 Steri-Cult CO incubator
(Thermo-Electron Corporation, Waltham, Massachusetts, USA).

For the MTT assay, cells were trypsinized and seeded into 96-well microtiter plates at a seeding density of
approximately 3 X 10* cells per well and incubated at 37 °C for 24 h to allow for attachment. The medium was
then replaced with fresh medium, and the respective compound added to the wells and allowed to incubate
for 48 h at 37 °C. Two positive controls were set up, one containing only cells was set as 100% cell
survival/viability and another to which 10 pL of 10% DMSO was added (resulting in a final concentration of
0.5% DMSO per well). The DMSO control was used since the samples were prepared in a 10% DMSO solution.
All assays were performed in triplicate. After the 48 h incubation period, the spent medium was removed and
100 pL fresh medium and 10 uL MTT reagent (5 mg mL! in PBS) added to each well. The cells were incubated
at 37 °C for a further 4 h, after which the MTT-medium was removed and 100 pL DMSO added to solubilize the
formazan crystals. The absorbance was read at 540 nm using a Mindray MR-96A microplate reader (Vacutec,
Hamburg, Germany). The ICso values were obtained from a graph of cell survival vs. log of concentration,
substituting y=50 for the equation of the graphs to calculate x and getting the antilog of x = ICso.

Acknowledgements

NK would like to thank the National Research Foundation, South Africa for a Competitive Grant for Rated
Researchers (Grant No. 118534). TN would like to thank the NRF for a PhD bursary.

Supplementary Material

'H and 3C NMR, Infrared and High Resolution Mass spectra of all the synthesised target compounds are
contained in the Supplementary material.

Page 17 of 20 ©AUTHOR(S)



Arkivoc 2025 (3) 202512403 Ntshele, T. A. et al.

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

Laxminarayan, R.; Bhutta, Z.; Duse, A.; Jenkins, P.; O'Brien, T.; Okeke, I.N.; Pablo-Mendez, A.; Klugman, K.P.
In Drug Resistance; Eds; The International Bank for Reconstruction and Development / The World Bank,
Washington (DC), 2006; p. 1-10.

Kariuki, S.; Dougan, G. Ann. N.Y. Acad. Sci. 2014, 1323, 43-55.

https://doi.org/10.1111/nyas.12380

Hornberg, J.J. Simple drugs do not cure complex diseases: The need for multi-targeted drugs; In Designing
Multi-Target Drugs; J.R. Morphy and C.J. Harris, Eds.; The Royal Society of Chemistry, 2012; p. 5-15.
Matada, B.S.; Pattanashettar, R.; Yernale, N.G. Bioorg. Med. Chem. 2021, 32, 115973.
https://doi.org/10.1016/j.bmc.2020.115973

Karrouchi, K.; Radi, S.; Ramli, Y.; Taoufik, J.; Mabkhot, Y.N.; Al-Aizari, F.A.; Ansar, M.h. Molecules 2018, 23,
134.

https://doi.org/10.3390/molecules23010134

Selvi, S.T.; Nadaraj, V.; Mohan, S.; Sasi, R.; Hema, M. Bioorg. Med. Chem. 2006, 14, 3896-3903.
https://doi.org/0.1016/j.bmc.2006.01.048

El-Sayed, O.A.; Aboul-Enein, H.Y. Arch. Pharm. 2001, 334, 117-120.
https://doi.org/10.1002/1521-4184(200104)334:4<117::AID-ARDP117>3.0.C0O;2-9

Menezes, C.M.S.; Sant'Anna, C.M.R.; Rodrigues, C.R.; Barreiro, E.J. J. Mol. Struct. 2002, 579, 31-39.
https://doi.org/10.1016/5S0166-1280(01)00677-7

Parekh, N.M.; Maheria, K.C. Med. Chem. Res. 2012, 21, 4168-4176.
https://doi.org/10.1007/s00044-011-9942-4

Mroueh, M.; Faour, W.H.; Shebaby, W.N.; Daher, C.F.; Ibrahim, T.M.; Ragab, H.M. Bioorg. Chem. 2020, 100,
103895.

https://doi.org/10.1016/j.bioorg.2020.103895

Dev, J.; Poornachandra, Y.; Reddy, K.R.; Kumar, R.N.; Ravikumar, N.; Swaroop, D.K.; Ranjithreddy, P;
Kumar, G.S.; Nanubolu, J.B.; Kumar, C.G. Eur. J. Med. Chem. 2017, 130, 223-239.
https://doi.org/10.1016/j.ejmech.2017.02.052

Mali, J.R.; Pratap, U.R.; Jawale, D.V.;, Mane, R.A. Tetrahedron Lett. 2010, 51, 3980-3982.
https://doi.org/10.1016/.tetlet.2010.05.117

Arasakumar, T.; Mathusalini, S.; Lakshmi, K.; Mohan, P.S.; Ata, A.; Lin, C.-H. Synth. Commun. 2016, 46, 232-
241.

https://doi.org/10.1080/00397911.2015.1133827

Bi, F.; Ji, S.; Venter, H.; Liu, J.; Semple, S.J.; Ma, S. Bioorg. Med. Chem. Lett. 2018, 28, 884-891.
https://doi.org/10.1016/j.bmcl.2018.02.001

Lakkakula, R.; Roy, A.; Mukkanti, K.; Sridhar, G. Russ. J. Gen. Chem 2019, 89, 831-835.
https://doi.org/10.1134/5S1070363219040315

Jain, R.; Vaitilingam, B.; Nayyar, A.; Palde, P.B. Bioorg. Med. Chem. Lett. 2003, 13, 1051-1054.
https://doi.org/10.1016/S0960-894X(03)00074-X

Angajala, K.K.; Vianala, S.; Macha, R.; Raghavender, M.; Thupurani, M.K.; Pathi, P. SpringerPlus 2016, 5, 1-
15.

https://doi.org/10.1186/s40064-016-2052-5

Potewar, T.M.; Petrova, K.T.;  Barros, M.T. Carbohydr. Res. 2013, 379, 60-67.
https://doi.org/10.1016/j.carres.2013.06.017

Page 18 of 20 ©AUTHOR(S)



https://doi.org/10.1111/nyas.12380
https://doi.org/10.1016/j.bmc.2020.115973
https://doi.org/10.3390/molecules23010134
https://doi.org/0.1016/j.bmc.2006.01.048
https://doi.org/10.1002/1521-4184(200104)334:4%3c117::AID-ARDP117%3e3.0.CO;2-9
https://doi.org/10.1016/S0166-1280(01)00677-7
https://doi.org/10.1007/s00044-011-9942-4
https://doi.org/10.1016/j.bioorg.2020.103895
https://doi.org/10.1016/j.ejmech.2017.02.052
https://doi.org/10.1016/j.tetlet.2010.05.117
https://doi.org/10.1080/00397911.2015.1133827
https://doi.org/10.1016/j.bmcl.2018.02.001
https://doi.org/10.1134/S1070363219040315
https://doi.org/10.1016/S0960-894X(03)00074-X
https://doi.org/10.1186/s40064-016-2052-5
https://doi.org/10.1016/j.carres.2013.06.017

Arkivoc 2025 (3) 202512403 Ntshele, T. A. et al.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Oramas-Royo, S.; Lépez-Rojas, P.; Amesty, A.; Gutiérrez, D.; Flores, N.; Martin-Rodriguez, P.; Fernandez-
Pérez, L.; Estévez-Braun, A. Molecules 2019, 24, 3917.

https://doi.org/10.3390/molecules24213917

da Silva, E.N.; Menna-Barreto, R.F.S.; Pinto, M.d.C.F.R.; Silva, R.S.F.; Teixeira, D.V.; de Souza, M.C.B.V.; De
Simone, C.A.; De Castro, S.L.; Ferreira, V.F.; Pinto, AV. Eur. J. Med. Chem. 2008, 43, 1774-1780.
https://doi.org/10.1016/j.ejmech.2007.10.015

Narsimha, S.; Battula, K.S.; Nagavelli, V.R. Synth. Commun. 2018, 48, 1220-1226.
https://doi.org/10.1080/00397911.2018.1440315

Mohammed, I.; Kummetha, I.R.; Singh, G.; Sharova, N.; Lichinchi, G.; Dang, J.; Stevenson, M.; Rana, T.M. J.
Med. Chem. 2016, 59, 7677-7682.

https://doi.org/0.1021/acs.jmedchem.6b00247

Jalili-Baleh, L.; Forootanfar, H.; Kiiclikkiling, T.T.; Nadri, H.; Abdolahi, Z.; Ameri, A.; Jafari, M.; Ayazgok, B.;
Baeeri, M.; Rahimifard, M.; Abbas Bukhari, S.N.; Abdollahi, M.; Ganjali, M.R.; Emami, S.; Khoobi, M.;
Foroumadi, A. Eur. J. Med. Chem. 2018, 152, 600-614.

https://doi.org/10.1016/j.ejmech.2018.04.058

Sweeney, J.B.; Rattray, M.; Pugh, V.; Powell, L.A. ACS Med. Chem. Lett. 2018, 9, 552-556.
https://doi.org/10.1021/acsmedchemlett.8000103

Kumar, R.; Vats, L.; Bua, S.; Supuran, C.T.; Sharma, P.K. Eur. J. Med. Chem. 2018, 155, 545-551.
https://doi.org/10.1016/j.ejmech.2018.06.021

26. Bonandi, E.; Christodoulou, M.S.; Fumagalli, G.; Perdicchia, D.; Rastelli, G.; Passarella, D. Drug Discov.
Today 2017, 22, 1572-1581.

https://doi.org/10.1016/j.drudis.2017.05.014

Doiron, J.E.; Le, C.A.; Bacsa, J.; Breton, G.W.; Martin, K.L.; Aller, S.G.; Turlington, M. ChemMedChem. 2020,
15,1720-1730.

https://doi.org/10.1002/cmdc.202000220

Arioli, F.; Borrelli, S.; Colombo, F.; Falchi, F.; Filippi, I.; Crespan, E.; Naldini, A.; Scalia, G.; Silvani, A.; Maga,
G.; Carraro, F.; Botta, M.; Passarella, D. ChemMedChem. 2011, 6, 2009-2018.
https://doi.org/10.1002/cmdc.201100304

Pedersen, D.S,; Abell, A. Eur. J. Org. Chem. 2011, 2011, 2399-2411.
https://doi.org/10.1002/ejoc.201100157

Agouram, N.; El Hadrami, E.M.; Bentama, A. Molecules 2021, 26, 2937.
https://doi.org/10.3390/molecules26102937

31. Valverde, I.E.; Mindt, T.L. Chimia 2013, 67, 262-262.

https://doi.org/10.1002/anie.201107222

Rostovtsev, V.V.; Green, L.G.; Fokin, V.V.; Sharpless, K.B. Angew. Chem. 2002, 114, 2708-2711.
https://doi.org/10.1002/1521-3757(20020715)114:14<2708::AID-ANGE2708>3.0.C0O;2-0

Tornge, C.W.; Christensen, C.; Meldal, M. J Org. Chem. 2002, 67, 3057-3064.
https://doi.org/10.1021/j0011148;j

Imperio, D.; Pirali, T.; Galli, U.; Pagliai, F.; Cafici, L.; Canonico, P.L.; Sorba, G.; Genazzani, A.A.; Tron, G.C.
Bioorg. Med. Chem. 2007, 15, 6748-6757.

https://doi.org/10.1016/j.bmc.2007.08.020

Thomas, J.; John, J.; Parekh, N.; Dehaen, W. Angew. Chem. 2014, 126, 10319-10323.
https://doi.org/10.1002/ange.201403453

Efimov, I.V. Chem. Heterocycl. Compd. 2019, 55, 28-30.

Page 19 of 20 ©AUTHOR(S)



https://doi.org/10.3390/molecules24213917
https://doi.org/10.1016/j.ejmech.2007.10.015
https://doi.org/10.1080/00397911.2018.1440315
https://doi.org/0.1021/acs.jmedchem.6b00247
https://doi.org/10.1016/j.ejmech.2018.04.058
https://doi.org/10.1021/acsmedchemlett.8b00103
https://doi.org/10.1016/j.ejmech.2018.06.021
https://doi.org/10.1016/j.drudis.2017.05.014
https://doi.org/10.1002/cmdc.202000220
https://doi.org/10.1002/cmdc.201100304
https://doi.org/10.1002/ejoc.201100157
https://doi.org/10.3390/molecules26102937
https://doi.org/10.1002/anie.201107222
https://doi.org/10.1002/1521-3757(20020715)114:14
https://doi.org/10.1021/jo011148j
https://doi.org/10.1016/j.bmc.2007.08.020
https://doi.org/10.1002/ange.201403453

Arkivoc 2025 (3) 202512403 Ntshele, T. A. et al.

37.

38.

39.

40.

41.

42.

43,

44.

45.

46.

47.

48.

49.

50.

https://doi.org/10.1007/s10593-019-02414-8

Maurya, R.A.; Adiyala, P.R.; Chandrasekhar, D.; Reddy, C.N.; Kapure, J.S.; Kamal, A. ACS Comb. Sci. 2014,
16, 466-477.

https://doi.org/10.1021/co500070e

Jlalia, 1.;  Meganem, F.; Herscovici, J.; Girard, C. Molecules 2009, 14, 528-539.
https://doi.org/10.3390/molecules14010528

Cheng, G.; Zeng, X.; Shen, J.; Wang, X.; Cui, X. Angew. Chem. Int. Ed. 2013, 52, 13265-13268.
https://doi.org/10.1002/anie.201307499

Lecaille, F.; Lalmanach, G.; Rabelais, U.F. Angew. Chem. Int. Ed. 2012, 51, 718-722.
https://doi.org/10.1002/anie.201107222.

Awolade, P.; Cele, N.; Kerru, N.; Singh, P. Mol Divers. 2021, 25, 2201-2218.
https://doi.org/10.1007/s11030-020-10112-3

Awolade, P.; Cele, N.; Ebenezer, O.; Kerru, N.; Gummidi, L.; Gu, L.; Palma, G.; Kaur, M.; Singh, P. Anticancer
Agents Med. Chem. 2021, 21, 1228-1239.

https://doi.org/10.2174/1871520620666200929153138

Govender, H.; Mocktar, C.; Koorbanally, N.A. J. Heterocycl. Chem. 2018, 55, 1002-1009.
https://doi.org/10.1002/jhet.3132

Manhas, N.; Singh, P.; Singh-Pillay, A.; Koorbanally, N. J. Mol. Struct. 2023, 1292, 136108.
https://doi.org/10.1016/j.molstruc.2023.136108

Cele, N.; Awolade, P.; Seboletswe, P.; Olofinsan, K.; Islam, M.S.; Singh, P. Pharmaceuticals 2022, 15, 1035.
https://doi.org/10.3390/ph15081035

Ademiluyi, A.O,; Oboh, G. Exp. Toxicol. Pathol. 2013, 65, 305-309.
https://doi.org/10.1016/j.etp.2011.09.005

Ibitoye, O.; Olofinsan, K.; Teral, K.; Ghali, U.; Ajiboye, T. J. Food Biochem. 2018, 42, e12627.
https://doi.org/10.1111/ifbc.12627

Téth, J.; Blaskd, G.; Dancsé, A.; Téke, L.; Nyerges, M. Synth. Commun. 2006, 36, 3581-3589.
https://doi.org/10.1080/00397910600943568

Afghan, A Baradarani, M.M.; Jouleb, JA. Arkivoc 2009, 2, 20-30.
https://doi.org/10.3998/ark.5550190.0010.203

Larsen, M.H.; Biermann, K.; Jacobs Jr, W.R. Curr. Protoc. Microbiol . 2007, 6, 10A. 1.1-10A. 1.8.
https://doi.org/10.1002/9780471729259.mc10a01s6

This paper is an open access article distributed under the terms of the Creative Commons Attribution (CC BY)

license (http://creativecommons.org/licenses/by/4.0/)

Page 20 of 20 ©AUTHOR(S)


https://doi.org/10.1007/s10593-019-02414-8
https://doi.org/10.1021/co500070e
https://doi.org/10.3390/molecules14010528
https://doi.org/10.1002/anie.201307499
https://doi.org/10.1002/anie.201107222
https://doi.org/10.1007/s11030-020-10112-3
https://doi.org/10.2174/1871520620666200929153138
https://doi.org/10.1002/jhet.3132
https://doi.org/10.1016/j.molstruc.2023.136108
https://doi.org/10.3390/ph15081035
https://doi.org/10.1016/j.etp.2011.09.005
https://doi.org/10.1111/jfbc.12627
https://doi.org/10.1080/00397910600943568
https://doi.org/10.3998/ark.5550190.0010.203
https://doi.org/10.1002/9780471729259.mc10a01s6
http://creativecommons.org/licenses/by/4.0/

