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ABSTRACT
In search of new active molecules, a small focused library of tetrazoloqui-
noline-based 1,2,3-triazoles has been efficiently prepared via click chemistry
approach. Several derivatives were found to be exhibiting promising anti-
microbial and antioxidant activity characterized by their lower minimum
inhibitory concentration values. All the synthesized compounds exhibited
excellent antibacterial activity against Gram negative bacteria E. coli and F.
devorans and antifungal activity against C. albicans and A. niger. Further,
these compounds were tested for their antitubercular activity against dor-
mant MTB H37Ra and dormant M. bovis BCG using XRMA assay protocol
and showed no significant activity. Also, the synthesized compounds were
found to have potential antioxidant activity with IC50 range ¼
12.48–50.20lg/mL. Furthermore, to rationalize the observed biological
activity data, the molecular docking study also been carried out against
the active site of fungal C. albicans enzyme P450 cytochrome lanosterol
14a-demethylase, which revealed a significant correlation between the
binding score and biological activity for these compounds. The results of
the in vitro and in silico study suggest that the triazole-incorporated tetra-
zoloquinolines may possess the ideal structural requirements for further
development of novel therapeutic agents.
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Introduction

In recent years, life threatening systemic fungal infections have become increasingly common,
especially in immunocompromised hosts suffering from tuberculosis, cancer, or AIDS and in
organ transplant cases. Development of resistance against available antifungal agents (generally
azoles) is also an alarming factor. Commonly used azole antifungal agents are fluconazole, itra-
conazole, miconazole, and voriconazole displayed broad spectrum antifungal activity.1 Azoles
have broad spectrum activities against most yeasts and filamentous fungi and are the drug of
choice for antifungal chemotherapy.2 These antifungal drugs inhibiting CYP51 in the process
of biosynthesis of ergosterol through a mechanism in which the heterocyclic nitrogen atom (N-4
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of triazole) binds to the heme iron atom.3 However, increasing use of these antifungal drugs has
led to increase in resistance to these drugs.4–6

Heterocyclic compounds play an important role in designing new class of structural entities
for medicinal applications. Quinoline and their derivatives are pharmacologically important
heterocyclic compounds because of their wide existence in alkaloids, therapeutics, and synthetic
analogues with interesting biological activities such as antimalarial,7 analgesic,8 anticancer,9 anti-
inflammatory,10 antiviral,11 antihelmintic,12 anti-protozoal,13 cardiovascular,14 hypoglycemic,15

and antimicrobial activity.16

Triazoles are stable to acidic/basic hydrolysis and also reductive/oxidative conditions, indicative
of a high aromatic stabilization. This moiety is relatively resistant to metabolic degradation. Over
the past two decades 1,2,3-triazole and its derivatives have attracted continued interest in the
medicinal field and are reported to possess a wide range of biological activities such as antifun-
gal,17 antitubercular,18 antiallergic,19a anti-HIV,19a antibacterial,19b a-glycosidase inhibitor,20 anti-
microbial,21 anticoccidiostats,22 anticonvulsant,23 antimalarial,24 antiviral,25 and
antimycobacterial.26 Triazole has been used to improve the pharmacokinetic properties of the
desired drug.27

Click chemistry is a newer approach for the synthesis of drug-like molecules that can acceler-
ate the drug discovery process by utilizing a few practical and reliable reactions. Sharpless28 and
Meldal29 groups have reported the dramatic rate enhancement (up to 107 times) and improved
regio-selectivity of the Huisgen 1,3-dipolar cycloaddition reaction of an organic azide and ter-
minal acetylene to afford, regio-specifically, the 1,4-disubstituted-1,2,3-triazole in the presence of
Cu (I) catalyst. The Cu (I)-catalyzed azide alkyne cycloaddition (CuAAC) reaction has success-
fully fulfilled the requirement of “click chemistry” as prescribed by Sharpless and within the past
few years has become a premier component of synthetic organic chemistry.30

Tetrazoles can act as pharmacophore for the carboxylate group, increasing their utility.
Angiotensin II blocker often contain tetrazoles, as Losartan and candesartan. Tetrazoles and its
derivatives displays various biological activities such as antibacterial,31a,b anti-inflammatory,31a,b
antinociceptive,31a,b hypoglycemic,31a,b anticancer31a,b antifungal,31c antiviral,31a antitubercular
& antimalarial,31d and cyclo-oxygenase inhibitors activities.31e They are used as catalyst in the
synthesis of phosphonates.31a

In recent years, a library of quinoline derivatives conjugated with 1,2,3-triazole were synthe-
sized and proved to possess different bioactivity such as antimicrobial activity32 (Figure 1, A),
b-haematin inhibitor33 (Figure 1, B), antimalarial agent33 (Figure 1, C), antifungal agent16

(Figure 1, D), antimalarial and cytotoxic activity34 (Figure 1, E), DNA binding and photonuclease
activity35 (Figure 1, F).

In continuation of our earlier work16,36 on synthesis and biological properties of heterocyclic
moieties and the importance of tetrazoloquinoline-1,2,3-triazole moieties as a single molecular
scaffold, herein we would like to report the design and syntheses of new tetrazoloquinoline-linked
triazole hybrids and their evaluation for antimicrobial and antioxidant activities. The computa-
tional parameters like docking study for antimicrobial activity and ADME prediction of synthe-
sized tetrazoloquinoline-triazole conjugates 5a-i were also performed.

Results and discussion

Chemistry

We have described a protocol for the syntheses of a series of new derivatives of 8-methoxy-4-((4-
(phenoxymethyl)-1H-1,2,3-triazol-1-yl)methyl)tetrazolo[1,5-a]quinoline 5a-i as a potential anti-
microbial, antioxidant, and antitubercular agents from commercially available starting materials.
These compounds were formed by the fusion of substituted (prop-2-yn-1-yloxy)benzenes 4a-h,
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phenyl acetylene 4i and 4-(azidomethyl)-8-methoxytetrazolo[1,5-a]quinoline 3 via click chemistry
approach (Scheme 1). The synthesis of starting material 4-(azidomethyl)-8-methoxytetrazolo[1,5-
a]quinoline 3 was prepared from 8-methoxytetrazolo[1,5-a]quinoline-4-carbaldehyde 2 via
NaBH4 reduction, mesylation followed by nucleophilic substitution reaction of sodium azide
(Scheme 1).

The synthesis of methoxytetrazolo[1,5-a]quinoline-4-carbaldehyde 2 was prepared from 3-
methoxyaniline (m-anisidine) which on acylation followed by Vilsmeier-Haack formylation at
80 �C for 8 hr to generate 2-chloro-7-methoxyquinoline-3-carbaldehyde 1, which on further reac-
tion with sodium azide in DMF at 80 �C for 6 hr produces tetrazoloquinoline aldehyde 2 in good
yield. The commercially available phenols have been alkylated with propargyl bromide in the
presence of K2CO3 as a base in N,N-dimethylformamide (DMF) afforded the corresponding
(prop-2-yn-1-yloxy)benzene derivatives 4a-h in good to excellent yield (Supporting Information).
Finally, the Huisgen’s CuAAC reaction has been performed on 4-(azidomethyl)-8-methoxytetra-
zolo[1,5-a]quinoline 3 and (prop-2-yn-1-yloxy)benzene derivatives 4a-h and phenylacetylene 4i in
the presence of Cu(OAc)2 in t-BuOH-H2O (3:1) at room temperature for 16–22 hr gives the cor-
responding 1,4-disubstituted-1,2,3-triazole based tetrazoloquinoline derivatives 5a-h and 5i,
respectively, in quantitative isolated yield (86–90%) (Scheme 1). The formation of compounds 3
and 5a-i were confirmed by 1H NMR, 13C NMR, and HRMS spectral analysis. In the 1H NMR
spectrum of the compound 5a, the two methylene groups attached to nitrogen and oxygen
showed singlet at d 5.16 and 6.09 ppm, respectively. In addition to this, the signal observed at d
4.06 ppm indicates the -OCH3 proton present on the quinoline ring. Similarly signal observed at
d 8.01 ppm indicates the proton present on the triazole ring. In the 13C NMR spectrum for com-
pound 5a, the signals at d 61.5 and 66.2 ppm indicates the presence of methylene carbon attached
to the nitrogen of triazole ring and oxygen to phenyl ring, respectively, and signal at d 54 ppm
indicates the presence of methoxy carbon.

For compound 5a, the calculated mass for [MþH]þ is 388.1516 and in HRMS, the [MþH]þ

peak observed at 388.1513. Furthermore, to expand the series, 1,4-disubstituted-1,2,3-triazole tet-
razoloquinoline derivatives 5 b-i with various substituent has been prepared by the cycloaddition
reaction of 4-(azidomethyl)-8-methoxytetrazolo[1,5-a]quinoline 3 and alkynes (prop-2-yn-1-ylox-
y)benzene derivatives 4 b-h and phenylacetylene 6 (Scheme 1) under similar reaction condition in
good to excellent yields.

Figure 1. Triazole incorporated quinoline derivatives A–F.
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Biological evaluation

Antibacterial activity
Minimum inhibitory concentration (MIC) values for bacteria determined according to the two-
fold broth micro-dilution method using Muller-Hinton broth in 96-well micro-test plates recom-
mended by National Committee for Clinical Laboratory Standards (NCCLS) guidelines.37 All the
tested tetrazoloquinoline-1,4-disubstituted 1,2,3-triazole based derivatives 5a-i shows significant
antibacterial activity (Table 1). For bacterial strain S. aureus, it can be seen that, the compounds
5b, 5d, 5e, 5f, and 5g shows excellent inhibitory activity with MIC value 8 mg/mL, which is two-
fold more potent than the clinical drug ampicillin and kanamycin (MIC 16 mg/mL) and equivalent
to the chloramphenicol (8 mg/mL). However, the compounds 5a, 5c, 5h, and 5i also possess
equivalent antibacterial effect against S. aureus with MIC value 16 mg/mL compared to the ampi-
cillin and kanamycin. Compounds 5b, 5c, 5d, 5f, 5h, and 5i with MIC value 16 mg/mL exhibit
equivalent antibacterial activity for M. luteus compared to the standard drug ampicillin. All the
synthesized compounds show considerable activity against B. cereus, especially compounds 5e, 5f,
5g, and 5i with MIC value 4 mg/mL exhibited four-fold more activity compared to the ampicillin
and two-fold more potent than kanamycin and chloramphenicol. Compound 5h shows equivalent
activity compared to the standard drug kanamycin and chloramphenicol. Compounds 5b and 5c
show good activity against B. cereus compared to the ampicillin. It can be seen that, all the syn-
thesized tetrazoloquinoline-1,2,3-triazole-based derivatives 5a-i possess comparable activity against
E. coli as compared to ampicillin, kanamycin, and chloramphenicol.

Scheme 1. Reagents and conditions: (a) acetic acid, 110–120 �C, 6 hr; (b) DMF, POCl3, 0–80 �C, 8 hr, (c) NaN3, DMF, 80 �C, 6 hr;
(d) NaBH4, methanol, 0 �C to rt, 2 hr; (e) MsCl, DCM, 0 �C to rt, 4 hr; (f) NaN3, DMF, 80 �C, 2 hr; (g) propargyl bromide, K2CO3,
DMF; (h) Cu(OAc)2 (20mol%), t-BuOH-H2O (3:1), rt.
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Compounds 5c, 5d, 5f, 5g, 5h, and 5i with MIC value 4 mg/mL shows four-fold more activity
compared to the ampicillin, kanamycin, and two-fold more activity compare to the chloram-
phenicol against E. coli. Compound 5b with MIC value 8 mg/mL, possesses equivalent activity
compared to the standard drug chloramphenicol. Compounds 5g and 5h with MIC value 4 mg/
mL show four-fold more activity compared to the ampicillin, kanamycin, and two-fold more
activity compared to the chloramphenicol against bacterial strain P. fluorescens. Compounds 5b
and 5c shows two-fold more activity compared to the standard ampicillin, kanamycin, and show
equivalent activity compared to the chloramphenicol. Compounds 5a, 5e, and 5f show equivalent
activity compared to the standard drug ampicillin and chloramphenicol with MIC value 16 mg/
mL. Compounds 5c, 5g, 5h, and 5i with MIC value 4 mg/mL show four-fold more activity com-
pared to the ampicillin, kanamycin, and two-fold more activity compared to the chloramphenicol
against bacterial strain F. devorans.

Compounds 5a and 5f (MIC ¼ 8 mg/mL) show two-fold more activity compared to the stand-
ard ampicillin, kanamycin, and shows equivalent activity compared to the chloramphenicol.
Compounds 5d and 5e show equivalent activity compared to the ampicillin and chloramphenicol
with MIC value 16 mg/mL. In general, for Gram positive bacteria, among all the synthesized com-
pounds 3 and 5a-i, compounds 5e, 5f, 5g, and 5i show promising antibacterial activity against
bacterial strain B. cereus and all the synthesized compounds exhibited excellent antibacterial activ-
ity against Gram negative bacteria E. coli and F. devorans compared to the standard drugs.

Antifungal activity
Fungi were subcultured in potato dextrose broth medium. MIC of the synthesized compounds
was determined using potato dextrose broth in 96-well micro-test plates recommended by
NCCLS guidelines.37 In case of antifungal activity, all the synthesized 1,4-disubstituted 1,2,3-tri-
azole-based tetrazoloquinoline derivatives 5a-i show good to moderate activity against C. albicans,
A. niger, C. lunata, P. chrysogenum, A. flavus, and C. neoformans strains (Table 1). Compounds
5c, 5g, and 5h with MIC value 4 mg/mL, exhibited four-fold more activity compared to the stand-
ard drug miconazole, amphotericin B and two-fold more activity compared to the fluconazole
against the fungicidal strain C. albicans. Compounds 5a, 5e, and 5i with MIC values 8 mg/mL,

Table 1. In vitro antimicrobial evaluation of synthesized compounds 3 and 5a-i MIC values (lg/mL).

Entry

Antibacterial activity

Antifungal activityGramþ ve bacteria Gram –ve bacteria

SA ML BC EC PF FD CA AN CL PC AF CN

3 128 128 256 256 256 256 128 128 256 256 256 256
5a 16 32 32 16 16 8 8 8 8 32 32 128
5b 8 16 16 8 8 32 16 16 32 64 16 32
5c 16 16 16 4 8 4 4 8 8 16 16 16
5d 8 16 32 4 128 16 16 32 16 32 16 128
5e 8 32 4 16 16 16 8 8 8 64 16 16
5f 8 16 4 4 16 8 16 8 16 64 32 32
5g 8 32 4 4 4 4 4 8 8 32 8 128
5h 16 16 8 4 4 4 4 8 8 32 128 256
5i 16 16 4 4 128 4 8 16 32 128 256 256
AP 16 16 16 16 16 16 – – – – – –
KM 16 8 8 16 16 16 – – – – – –
CP 8 8 8 8 8 8 – – – – – –
MA – – – – – – 16 16 16 16 16 16
AB – – – – – – 16 8 16 16 8 16
FA – – – – – – 8 8 8 8 8 8

SA, Staphylococcus aureus; ML, Micrococcus luteus; BC, Bacillus cereus; EC, Escherichia coli; PF, Pseudomonas fluorescens; FD,
Flavobacterium devorans; AN, Aspergillus niger; PC, Penicillium chrysogenum; CL, Curvularia lunata; CA, Candida albicans; AF,
Aspergillus flavus; CN, Cryptococcus neoformans; AP, Ampicillin; KM, Kanamycin; CP, Chloramphenicol; MA, Miconazole; AB;
Amphotericin B; FA, Fluconazole.
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exhibited two-fold more activity compared to the standard drug miconazole, amphotericin B and
equivalent potency compared to the standard fluconazole. Compounds 5b, 5d, and 5f with MIC
values 16 mg/mL, exhibited equivalent activity compared to the standard drug miconazole and
amphotericin B against the fungal strain C. albicans. Compounds 5a, 5c, 5e, 5f, 5g, and 5h with
MIC values 8 mg/mL, exhibited two-fold more activity compared to the standard drug miconazole,
amphotericin B and equivalent activity compared to the fluconazole against the fungicidal strain
A. niger. Compounds 5b and 5i with MIC values 16 mg/mL, exhibited equivalent potency com-
pared to the standard drug miconazole against the fungal strain A. niger. Compounds 5a, 5c, and
5e with MIC values 8 mg/mL, exhibited two-fold more activity compared to the standard drug
miconazole, amphotericin B and equivalent activity compared to the fluconazole against the fun-
gicidal strain C. lunata. Compounds 5d and 5f with MIC values 16 mg/mL, exhibited equivalent
potency compared to the standard drug miconazole and amphotericin B against the fungal strain
C. lunata. Compound 5c with MIC values 16 mg/mL, exhibited equivalent potency compared to
the standard drug miconazole and amphotericin B against the fungal strain P. chrysogenum.
Compound 5g with MIC values 8 mg/mL, exhibited two-fold more activity compared to the stand-
ard drug miconazole and equivalent potency compared to the amphotericin B and fluconazole
against the fungal strain A. flavus. Compounds 5b, 5c, 5d, and 5e with MIC value 16 mg/mL
exhibited equivalent activity as compared to standard drug miconazole for fungal strain A. flavus.
Compounds 5c and 5e with MIC value of 16 mg/mL, show equivalent antifungal activity against
C. neoformans as compared to standard drug miconazole and fluconazole. Overall, the starting
material 4-(azidomethyl)-8-methoxytetrazolo[1,5-a]quinoline 3 exhibited very less antifungal
activity but the 1,2,3-triazoles derived from the azide 3 shows excellent antifungal activity com-
pared to the standard antifungal drugs miconazole, amphotericin B and fluconazole.

Antitubercular activity
All the synthesized compounds 5a-i showed antibacterial activity against both Gram positive and
Gram negative bacteria, especially against the Gram negative bacteria. As these compounds have
shown significant antibacterial activities, we extended our study for evaluation of antitubercular
activity. The newly synthesized 1,4-disubstituted-1,2,3-triazole containing tetrazoloquinoline deriv-
atives 5a-i were screened for in vitro antitubercular activity against MTB H37Ra (ATCC 25177)
and M. bovis BCG (ATCC 35743) in liquid medium. In a preliminary screening (Supporting
Information, Table S1), the antimycobacterial activity of these compounds was assessed at con-
centrations of 30, 10, and 3 lg/mL using an established XTT Reduction Menadione assay
(XRMA) anti-tubercular screening protocol38 using first-line antitubercular drugs rifampicin and
isoniazid as reference standards and the MIC and IC50 values are presented in Table 2. The MIC,
that is, concentration of compounds required to completely inhibit MTB growth, were recorded.
The MIC was calculated from a dose response curve. The compounds with more than 90% inhib-
ition of initial primary screening were further assayed for secondary screening, that is, determin-
ation of MIC against dormant MTB H37Ra and dormant M. bovis BCG clinical isolates (drug
sensitive and resistant). The tetrazoloquinoline-1,2,3-triazole conjugates 5a-i (MIC range > 30lg/
mL) were found to be particularly inactive against dormant MTB H37Ra, dormant M. bovis BCG.

Antioxidant activity
In the present study, antioxidant activity of the synthesized compounds has been assessed in vitro
by the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging assay39 and all the synthesized
compounds 5a-i show good to moderate antioxidant activity as compared to the standard drug
BHT (Butylated Hydroxy Toluene) (Table 2). Compounds 5b and 5d having chloro-substituent at
ortho- and para-position of phenyl ring, respectively, shows potent activity (IC50 12.48 and
16.30mg/mL, respectively) as compared to the standard drug BHT. However, the compound 5g
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(15.19mg/mL) with methyl-group at meta- and chloro-group at para-position of phenyl ring shows
excellent antioxidant activity as compared to the BHT. The starting material 4-(azidomethyl)-8-
methoxytetrazolo[1,5-a]quinoline 3 exhibited very less antioxidant activity as compared to stand-
ard drugs.

Computational study

Molecular docking
Molecular docking is now an established approach in drug discovery for predicting the binding
mode of a specified compound within the active site of the protein target of interest and the types
of thermodynamic interactions governing the protein-inhibitor complexation especially in the
absence of available resources to carry out the enzymatic assays. Thus, with the aim of rationaliz-
ing the promising antifungal activity portrayed by the title compounds tetrazoloquinoline-1,2,3-
triazole derivatives (5a-i) and to gain an insight into the molecular basis of their interactions, a
molecular docking study was carried out against the fungal sterol 14a-demethylase (CYP51) as
the target enzyme. Sterol 14a-demethylase (CYP51) is an ancestral activity of the cytochrome
P450 superfamily. It converts lanosterol into 4,40-dimethyl cholesta-8,14,24-triene-3-b-ol-a step
required for ergosterol biosynthesis which is an essential component of the fungal cytoplasmic
membrane. Inhibition of CYP51 causes depletion of ergosterol coupled with an accumulation of
14-methyl sterols resulting in impaired cell growth in fungi. This crucial role of CYP51 in fungi
makes it an important target for drug design. A perusal of the docking poses obtained for all
these tetrazoloquinoline-1,2,3-triazole derivatives revealed that they could snugly fit into the active
site of CYP51 with varying degree of binding affinities adopting a very homologous orientation
and at co-ordinates very close to that of the native ligand-fluconazole (Figure 2). The resulting
enzyme-inhibitor complexation was stabilized through a network of steric and electrostatic inter-
actions with the active site residues.

To gauze the accuracy and reliability of the docking protocol, the co-crystallized ligand (flu-
conazole) was extracted from the crystal structure and again subjected to dock into the same
binding pocket defining the above-mentioned parameters. The docked conformation of flucon-
azole comparing with the experimental binding mode as in X-ray is shown in Figure 3. The result
show that the docking protocol could reproduce the X-ray bound conformation of fluconazole
with an RMSD of less than 1.0 Å indicating the reliability of the docking protocol in accurately
predicting the binding mode for the title molecules.

Table 2. In vitro antitubercular activity against dormant MTB H37Ra, dormant M. bovis BCG and DPPH radical scavenging activ-
ity of compound 3 and 5a-i.

Compounds

MTB H37Ra dormant M. bovis BCG dormant

DPPH IC50 (mg/mL)MIC IC50 MIC IC50
3 >30 >30 >30 >30 50.20
5a >30 >30 >30 >30 29.43
5b >30 >30 >30 >30 12.48
5c >30 >30 >30 >30 16.30
5d >30 >30 >30 >30 40.41
5e >30 >30 >30 >30 26.78
5f >30 >30 >30 >30 32.55
5g >30 >30 >30 >30 15.19
5h >30 >30 >30 >30 19.20
5i >30 >30 >30 >30 33.82
RP 0.043 ± 0.15 0.0018 ± 0.009 0.041 ± 0.01 0.0016 ± 0.002 NT
INH 0.075 ± 0.25 0.0025 ± 0.0007 0.045 ± 0.02 0.0023 ± 0.001 NT
BHT NT NT NT NT 16.47

RP: Rifampicin; INH: Isoniazid; BHT: Butylated hydroxy toluene; NT: Not tested.
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The minimum energy (Glide energy) for each of these complexes was observed to be negative
ranging from –58.54 kcal/mol to –49.70 kcal/mol while the docking scores ranged from –7.79 to
–7.14 with a significant correlation between their docking score and the experimentally observed
MIC values—the active compounds possessing higher scores while those with relatively lower
activity were also predicted to have lower docking scores. The binding energy for the reference
ligand-fluconazole was found to be –52.92 kcal/mol with a docking score of –7.34. The binding
energy signifies the energy required for a ligand to cover the entire enzyme surface and its puta-
tive interactions with the amino acid residues. A higher negative value for the binding energy
(and docking score) signifies a good binding affinity for the ligand toward the target enzyme and
vice versa. Furthermore, a detailed analysis of the per-residue interactions between the enzyme
and these compounds was carried out to identify the most significantly interacting residues and
the type of thermodynamic elements (bonded and non-bonded interactions) governing the bind-
ing of these molecules to the target. This analysis is elucidated in the next section for one of the
most active compound 5g while the results for the remaining compounds are summarized in
Table 3 and their binding modes are provided in the Supporting Information as Figure 4.

The lowest energy docked conformation of 5 g into the active site of CYP51 showed that the
inhibitor binds at the same co-ordinates as the native ligand with a significantly higher binding
affinity resulting in a docking score of –7.79 and a binding energy –58.54 kcal/mol (Figure 4).
The higher binding affinity can be explained in terms of the specific bonded and non-bonded
per-residue interactions with the residues lining the active site.

The complexation of 5g with CYP51 is observed to be stabilized through an extensive network of
van der Waals interactions with Ala291 (–3.08 kcal/mol), Ala288 (–1.55 kcal/mol), Ala287 (–1.99 kcal/
mol), Tyr116 (–3.54 kcal/mol), Phe110 (–1.94 kcal/mol), and Tyr103 (–3.54 kcal/mol) through quin-
oline-tetrazole backbone while 1,2,3-triazole heterocycle was engaged in similar interactions through
Val461 (–3.28 kcal/mol), Met460 (–2.52 kcal/mol), Thr459 (–1.28 kcal/mol), Leu356 (–2.46 kcal/mol),
and Met106 (–4.00 kcal/mol) residues in the active site. Furthermore, the substituted aromatic ring
connected to 1,2,3-triazole heterocycle also showed favorable van der Waals interactions through
His294 (–1.40 kcal/mol), Phe290 (–3.98 kcal/mol), Leu208 (–3.02 kcal/mol), and Glu205 (–1.96 kcal/
mol) residues. The compound was also involved in a set of relatively few but significant electrostatic
interactions as well through Met106 (–1.50 kcal/mol) and Tyr103 (–1.18 kcal/mol) residues in the
active site CYP51. The excellent binding affinity of 5g toward CYP51 can also be attributed to a very
strong van der Waals (–10.62 kcal/mol) as well as electrostatic (–9.425 kcal/mol) interactions with
heme moiety in the active site. Furthermore, a prominent p-p stacking interaction was observed
through the aromatic ring of quinoline-tetrazole backbone with the Phe110 having a bonding distance
of 2.451Å which as well contributed significantly to the stability of the 5g in the active site of the

Figure 2. Docking-based binding mode of tetrazoloquinoline-1,2,3-triazole derivatives (5a-i) into the active site of fungal sterol
14a-demethylase (CYP51).
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enzyme. Such p-p stacking interactions serve as an “anchor” for channelizing the 3D orientation of
the ligand in its active site and also facilitate the steric and electrostatic interactions thereby contribu-
ting to the stability of the enzyme-inhibitor complex.

A similar network of interaction was observed for the other quinoline-tetrazole-1,2,3-triazole deriv-
atives as well but decreasing gradually with their observed antifungal activity. The per-residue inter-
action analysis revealed that the primary driving forces for mechanical interlocking is the steric
complementarity between the ligand and the active site of CYP51 which is evident from the relatively
higher number of van der Waals interactions over other components contributing to the binding
scores. Interestingly, all the quinoline-tetrazole-1,2,3-triazole derivatives investigated herein were found
coordinated to the iron of the heme group present in the active site. This is a very important observa-
tion as the native ligand-fluconazole is also coordinated with the metal ion in the active site of
CYP51. Thus, these quinoline-tetrazole-1,2,3-triazoles may as well share the same inhibition mechan-
ism as fluconazole making them pertinent starting points for structure-based drug design.

In silico ADME prediction
The success of a drug is determined not only by good efficacy but also by an acceptable ADME
(absorption, distribution, metabolism, and excretion) profile. In the present study, we have calcu-
lated molecular volume (MV), molecular weight (MW), logarithm of partition coefficient (miLog
P), number of hydrogen bond acceptors (n-ON), number of hydrogen bonds donors (n-OHNH),
topological polar surface area (TPSA), number of rotatable bonds (n-ROTB), and Lipinski’s rule
of five40 using Molinspiration online property calculation toolkit.41 Absorption (% ABS) was cal-
culated by: % ABS ¼ 109 – (0.345 � TPSA).42 Drug-likeness model score (a collective property
of physic-chemical properties, pharmacokinetics, and pharmacodynamics of a compound is repre-
sented by a numerical value) was computed by MolSoft software.43

A computational study of all the synthesized 5a-i was performed for prediction of ADME
properties and the value obtained is presented in Table 4.

It is observed that, the compounds exhibited a good % ABS (% absorption) ranging from
77.16 to 80.35%. Furthermore, none of the synthesized compounds 5a-i violated Lipinski’s rule of
five (miLog P� 5). A molecule likely to be developed as an orally active drug candidate should
not show more than one violation of the following four criteria: miLog P (octanol-water partition
coefficient) � 5, molecular weight � 500, number of hydrogen bond acceptors � 10 and number
of hydrogen bond donors � 5.44 The larger the value of the drug likeness model score, the higher
is also probability that the particular molecule will be active. All the tested compounds followed
the criteria for orally active drug and therefore, these compounds may have a good potential for
eventual development as oral agents.

Figure 3. Validation of the molecular docking protocol: super-imposed image of the structures of fluconazole from the crystal
structure (orange carbon chain) and the docked conformation (purple carbon chain).
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Conclusion

We have synthesized new 1,4-disubstituted 1,2,3-triazole-based tetrazoloquinoline derivatives via
click chemistry approach and evaluated for biological activity. The synthesized compound displays
promising antibacterial, antifungal, and antioxidant activity as compared to the respective stand-
ard drugs and unfortunately does not show antitubercular activity. Compounds 5g and 5h dis-
played significant antibacterial activity as compared to the standard antibacterial drug.
Compounds 5c, 5g, and 5h displayed significant antifungal activity as compared to the standard

Table 3. Quantitative estimate of the per-residue interactions for the tetrazoloquinoline-1,2,3-triazole derivative (5a-i) with the
fungal sterol 14a-demethylase (CYP51) enzyme.

Cpd
Docking
score

Binding
energy

Per-residue interaction energy analysis

van der Waals (kcal/mol)
Electrostatic
(kcal/mol) p-p stacking (Å)

5a –7.40 –53.57 500(–10.79), Val461(–2.92), Met460(–2.41),
Thr459(–1.19), Leu356(–2.21), Ala291(–2.31),
Phe290(–2.30), Ala288(–1.24), Ala287(–1.59),
Leu208(–1.26), Tyr116(–2.45), Phe110(–1.52),
Met106(–3.16), Tyr103(–2.92)

500(–7.37),
Met106(–1.25),
Tyr103(–1.09)

Tyr116(2.07)

5b –7.1 –50.77 500(–10.72), Val461(–2.41), Met460(–1.78),
Thr459(–1.08), Leu356(–2.10), Ala291(–2.03),
Phe290(–2.19), Ala288(–1.14), Ala287(–1.11),
Leu208(–1.14), Leu127(–1.04), Tyr116(–1.98),
Phe110(–1.27), Met106(–2.92), Tyr103(–3.75)

500(–6.75),
Tyr116(–1.32),
Met106(–1.10),
Tyr103(–1.017)

Tyr116(2.06)

5c –7.78 –57.71 500(–10.85), Val461(–3.18), Met460(–3.11),
Thr459(–1.42), Leu356(–2.10), His294(–1.40),
Ala291(–2.91), Phe290(–3.51), Ala288(–1.43),
Ala287(–1.96), Leu208(–2.96), Glu205(–1.85),
Tyr116(–3.55), Phe110(–1.77), Met106(–3.83),
Ile105(–2.63), Tyr103(–3.05)

500(–9.67),
Met106(–1.43),
Tyr103(–1.19)

Phe110(2.39)

5d –7.14 –49.70 500(–10.52), Val461(–2.50), Met460(–1.71),
Thr459(–1.00), Leu356(–2.16), Ala291(–2.04),
Phe290(–2.09), Ala288(–1.14), Ala287(–1.05),
Leu208(–1.18), Leu127(–1.00), Tyr116(–1.95),
Phe110(–1.25), Met106(–2.59), Tyr103(–2.61)

500(–6.76),
Tyr116(–1.11),
Met106(–1.19)

Tyr116(2.066)

5e –7.33 –53.50 500(–10.42), Val461(–2.70), Met460(–2.35),
Thr459(–1.13), Leu356(–2.27), His294(–1.11),
Ala291(–2.21), Phe290(–2.25), Ala288(–1.24),
Ala287(–1.57), Leu208(–1.33), Tyr116(–2.25),
Phe110(–1.42), Met106(–3.03), Tyr103(–3.14)

500(–7.29),
Tyr116(–0.86),
Met106(–1.24),
Tyr103(–1.09)

Tr116(2.07)

5f –7.26 –50.74 500(–10.44), Val461(–2.40), Met460(–1.41),
Thr459(–1.07), Leu356(–2.17), His294(–1.34),
Ala291(–2.18), Phe290(–2.16), Ala288(–1.06),
Ala287(–1.05), Leu208(–1.04), Glu205(–1.67),
Tyr116(–1.35), Phe110(–1.15),
Met106(–2.29), Tyr103(–2.83)

500(–7.05),
Tyr116(–1.22),
Met106(–1.12)

Tyr116(1.97)

5g –7.79 –58.54 500(–10.62), Val461(–3.28), Met460(–2.52),
Thr459(–1.28), Leu356(–2.46), His294(–1.40),
Ala291(–3.08), Phe290(–3.98), Ala288(–1.55),
Ala287(–1.99), Leu208(–3.02), Glu205(–1.96),
Tyr116(–3.54), Phe110(–1.94),
Met106(–4.00), Tyr103(–3.54)

500(–9.42),
Met106(–1.5),
Tyr103(–1.18)

Phe110(2.45)

5h –7.72 –57.51 500(–10.87), Val461(–3.13), Met460(–2.29),
Thr459(–1.58), Leu356(–2.58), His294(–1.37),
Ala291(–2.94), Phe290(–3.29), Ala288(–1.45),
Ala287(–1.84), Leu208(–3.40), Glu205(–1.98),
Tyr116(–3.42), Phe110(–1.81),
Met106(–3.72), Tyr103(–3.01)

500(–9.41),
Tyr116(–1.31),
Tyr103(–1.13)

Tyr116(2.07)

5i –7.42 –51.64 500(–10.26), Val461(–2.78), Met460(–2.53),
Thr459(–1.14), Leu356(–2.26), Ala291(–2.33),
Phe290(–2.29), Ala288(–1.28), Ala287(–1.67),
Leu208(–1.49), Tyr116(–2.29), Phe110(–1.40),
Met106(–3.01), Tyr103(–2.81)

500(–7.97),
Tyr116(–1.18),
Tyr103(–1.016)

Tyr103(2.92),
Tyr116(2.01)
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antifungal drug. Compounds 5b, 5d, and 5g shows potential antioxidant activity when compared
with standard BHT. The trend observed in the antifungal activity for these tetrazoloquinoline-1,2,3-tri-
azole derivatives was further rationalized by molecular docking studies with respect to their binding
energy toward target enzyme sterol 14a-demethylase (CYP51). The theoretical predictions from
molecular docking studies were found to be in agreement with the experimental antifungal data.
Furthermore, the quantitative estimation of the per-residue interactions between these tetrazoloquino-
line-1,2,3-triazoles and CYP51 enzyme helps to speculate regarding the detailed binding patterns in
the cavity and the most significantly interacting the residues as well as the type of thermodynamic
interactions governing the binding of these molecules which can provide an ample opportunity for
medicinal chemist to design more specific and potent analogues targeting CYP51. Furthermore, ana-
lysis of the ADME parameters for synthesized compounds predicted good drug like properties and

Figure 4. Docking-based binding mode of 5a, 5b, 5c, 5d, 5e, 5f, 5g, 5h, and 5i into the active site of sterol 14a-demethylase
(CYP51) (the p-p stacking interaction is represented using the green line).
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can be developed as oral drug candidate. Thus, suggesting that compounds from present series can be
further optimized and developed as a lead molecule.

Experimental

General procedure for the synthesis of 1-(prop-2-ynyloxy)benzene or substituted 1-(prop-2-
ynyloxy)benzene (4a-h)

To the stirred solution of phenol or substituted phenol (20mmol) in N,N-dimethylformamide
(DMF) (20mL), K2CO3 (24mmol) was added. The reaction mixture was stirred at room tempera-
ture for 30min, which results into the corresponding oxyanion. To this mixture, propargyl brom-
ide (20mmol) was added and stirred for 2 hr. The progress of the reaction was monitored by
TLC using ethyl acetate:hexane as a solvent system. The reaction was quenched by crushed ice.

Figure 4. Continued.
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In case of solid product, it was filtered and the obtained crude solid product was crystallized
using ethanol. The crystallized products were taken for next step. When the products are liquid,
it has been extracted in ethyl acetate (20mL � 3). The combined organic layers were dried over
MgSO4. The solvent was removed under a reduced pressure and used for further reaction without
purification.

General procedure for the synthesis of 8-methoxy-4-((4-(phenoxymethyl)-1H-1,2,3-triazol-1-
yl)methyl)tetrazolo[1,5-a]quinoline 5a-i

To the solution of 1-(prop-2-ynyloxy)benzene and phenyl acetylene (4a-i) (0.5mmol), 4-(azido-
methyl)-8-methoxytetrazolo[1,5-a]quinoline 3 (0.5mmol) and copper diacetate (Cu(OAc)2)
(20mole %) in t-BuOH-H2O (3:1, 8mL) and the resulting mixture was stirred at room tempera-
ture for 16–22 hr. The progress of the reaction was monitored by TLC using ethyl acetate:hexane

Figure 4. Continued.
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as a solvent system. The reaction mixture was quenched with crushed ice and extracted with ethyl
acetate (2� 25mL). The organic extracts were washed with brine solution (2� 25mL) and dried
over anhydrous sodium sulfate. The solvent was evaporated under reduced pressure to afford the
corresponding crude compounds. The obtained crude compounds were crystallized using ethanol
and ethyl acetate.

Synthesis of 2-chloro-7-methoxyquinoline-3-carbaldehyde45

To a solution of N-(3-methoxyphenyl)acetamide (5mmol) in dry DMF (15mmol) at 0–5 �C with
stirring POCl3 (60mmol) was added drop wise and the mixture stirred at 80–90 �C for time 8 hr.
After the completion of reaction (checked by TLC), the mixture was poured into crushed ice,
stirred for 5min and the resulting solid filtered, washed well with water and dried. The com-
pounds were purified by recrystallization from ethyl acetate.

Synthesis of 8-methoxytetrazolo[1,5-a]quinoline-4-carbaldehyde

2-Chloro-7-methoxyquinoline-3-carbaldehyde (5mmol), sodium azide (10mmol), and DMF
(10mL) were taken in round bottom flask as per reported procedure.46 The reaction mixture was
slowly heated at 80 �C for 2 hr. After the completion of reaction (checked by TLC), the product
was filtered and washed with ethanol. The crude product was purified by crystallization in DMF.
Melting point is 240–242 �C.

Synthesis of (8-methoxytetrazolo[1,5-a]quinolin-4-yl)methanol

8-methoxytetrazolo[1,5-a]quinoline-4-carbaldehyde (1 equiv) were taken in round bottom flask,
methanol used as a solvent and allowed reaction mixture for stirring below 0 �C. Then, NaBH4 (3
equiv.) were added slowly with constant stirring and maintaining the temperature below 0 �C for
2 hr. The progress of the reaction was monitored by thin layer chromatography (TLC) using ethyl
acetate:hexane as a solvent system. After completion of the reaction as indicated by TLC, the
reaction mixture was then poured on crushed ice and extracted in ethylacetate (3� 10mL). The
combined organic layer was dried over MgSO4. Solvent was removed under reduced pressure and
the (8-methoxytetrazolo[1,5-a]quinolin-4-yl)methanol were sufficiently pure to use without fur-
ther work up.

Table 4. Pharmacokinetic parameters important for good oral bioavailability and its drug likeness model score.

Entry % ABS TPSA (A2) n-ROTB MV MW miLog P n-ON n-OHNH Lipinski violation Drug-likeness model score

Rule – – – – <500 �5 <10 <5 �1 -
5a 77.16 92.28 6 332.93 387.40 3.01 9 0 0 �0.24
5b 77.16 92.28 6 346.47 421.85 3.64 9 0 0 0.18
5c 77.16 92.28 6 346.47 421.85 3.69 9 0 0 0.21
5d 77.16 92.28 6 349.49 401.43 3.42 9 0 0 0.14
5e 77.16 92.28 6 349.49 401.43 3.46 9 0 0 �0.24
5f 77.16 92.28 6 366.05 415.46 3.84 9 0 0 �0.10
5g 77.16 92.28 6 363.03 435.88 4.07 9 0 0 0.32
5h 77.16 92.28 6 373.54 490.74 4.90 9 0 0 0.10
5i 80.35 83.04 4 307.14 357.38 2.80 8 0 0 �0.03

% ABS: Percentage absorption, TPSA: Topological polar surface area, n-ROTB: Number of rotatable bonds, MV: Molecular vol-
ume, MW: Molecular weight, miLog P: Logarithm of partition coefficient of compound between n-octanol and water, n-ON
Acceptors: Number of hydrogen bond acceptors, n-OHNH donors: Number of hydrogen bonds donors.
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Synthesis of (8-methoxytetrazolo[1,5-a]quinolin-4-yl)methyl methanesulfonate

To a mixture of (2-chloro quinolin-3-yl)methanol 1 (1 equiv) in acetone, triethyl amine (2 equiv)
was added at 0 �C. Methane sulfonyl chloride (1.5 equiv) in acetone was added dropwise in
10min at 0 �C, and stirred for 4 hr. The progress of the reaction was monitored on TLC. After
completion of the reaction, reaction mixture was poured on crushed ice. The solid obtained was
extracted with ethylacetate (2� 20mL) and washed with brine (2� 20mL). Thus, organic layer
was separated, dried over anhydrous Na2SO4. The solvent was removed under reduced pressure.
The obtained crude product was crystallized using ethanol/ethylacetate obtain pure compound (8-
methoxytetrazolo[1,5-a]quinolin-4-yl)methyl methanesulfonate.

Synthesis of 4-(azidomethyl)-8-methoxytetrazolo[1,5-a]quinoline (3)

To a solution of (8-methoxytetrazolo[1,5-a]quinolin-4-yl)methyl methanesulfonate (1 equiv) in
dry DMF, sodium azide (2 equiv) was added and stirred at 80 �C for 2 hr. The progress of the
reaction was monitored on TLC. After completion of reaction, reaction mixture was poured on
crushed ice. The solid obtained was extracted with EtOAc (2� 25mL). The organic extract was
washed with water and brine. The solvent was removed under reduced pressure to afford crude
product 3, which was purified by crystallization using ethanol/ethylacetate with 92% yield. Mp
133–135 �C. 1H NMR (400MHz, DMSO-d6, d ppm): 4.05 (s, 3H, -OMe), 4.95 (s, N-CH2),
7.40–7.46 (m, 1H), 7.98–7.99 (d, 1H), and 8.15–8.25 (m, 2H). HRMS calculated [MþH]þ for
C11H10N7O: 256.0941, found: 256.0935.

8-Methoxy-4-((4-(phenoxymethyl)-1H-1,2,3-triazol-1-yl)methyl)tetrazolo[1,5-a]quinoline (5a)

The compound 5a as a pale pink solid and was obtained via 1,3-dipolar cycloaddition reaction
between 4-(azidomethyl)-8-methoxytetrazolo[1,5-a]quinoline 3 and (prop-2-yn-1-yloxy)benzene
4a in 17 hr with 90% yield. Mp 150 �C. 1H NMR (200MHz, DMSO-d6, d ppm): 4.06 (s, 3H,
-OMe), 5.16 (s, N-CH2), 6.09 (s, O-CH2), 6.92–7.06 (m, 3H), 7.27–7.35 (m, 2H), 7.43–7.47 (d,
1H), 8.01 (s, 1H), 8.16 (s, 1H), 8.20 (s, 1H) and 8.44 (s, 1H). 13C NMR (50MHz, CDCl3, d ppm):
49.3, 56.8, 61.8, 99, 117, 117.6, 118.6, 125.1, 126, 129.7, 131.8, 131.9, 133.6, 143, 147.3, 157.4 and
162.3. HRMS calculated [MþH]þ for C20H17N7O2: 388.1516, found: 388.1513.

4-((4-((2-Chlorophenoxy)methyl)-1H-1,2,3-triazol-1-yl)methyl)-8-methoxytetrazolo[1,5-
a]quinoline (5b)

The compound 5b as a off white solid and was obtained via 1,3-dipolar cycloaddition reaction
between 4-(azidomethyl)-8-methoxytetrazolo[1,5-a]quinoline 3 and 1-chloro-2-(prop-2-yn-1-ylox-
y)benzene 4b in 19 hr with 88% yield. Mp 139–140 �C. 1H NMR (200MHz, DMSO-d6, d ppm):
4.03 (s, 3H, -OMe), 5.14 (s, N-CH2), 6.06 (s, O-CH2), 7.02–7.06 (m, 2H), 7.29–7.45 (m, 3H),
7.98–7.99 (d, 1H), 8.13 (s, 1H), 8.17 (s, 1H), and 8.41 (s, 1H).

4-((4-((4-Chlorophenoxy)methyl)-1H-1,2,3-triazol-1-yl)methyl)-8-methoxytetrazolo[1,5-
a]quinoline (5c)

The compound 5c as a off white solid and was obtained via 1,3-dipolar cycloaddition reaction
between 4-(azidomethyl)-8-methoxytetrazolo[1,5-a]quinoline 3 and 1-chloro-4-(prop-2-yn-1-ylox-
y)benzene 4c in 20 hr with 87% yield. Mp 180 �C. 1H NMR (200MHz, DMSO-d6, d ppm): 4.06
(s, 3H, -OMe), 5.17 (s, N-CH2), 6.09 (s, O-CH2), 7.05–7.09 (m, 2H), 7.32–7.37 (m, 2H), 7.43–7.48
(3, 1H), 8.01–8.02 (d, 1H), 8.16 (s, 1H), 8.20 (s, 1H), and 8.44 (s, 1H). 13C NMR (50MHz,

1934 M. H. SHAIKH ET AL.



CDCl3, d ppm): 48.8, 56.3, 61.3, 98.4, 116.5, 117, 118.1, 124.6, 125.5, 129.2, 131.2, 131.3, 133.1,
142.5, 146.8, 156.8, and 161.8. HRMS calculated [MþH]þ for C20H17N7O2Cl: 422.1127,
found: 422.1123.

8-Methoxy-4-((4-((o-tolyloxy)methyl)-1H-1,2,3-triazol-1-yl)methyl)tetrazolo[1,5-
a]quinoline (5d)

The compound 5d as a pale pink solid and was obtained via 1,3-dipolar cycloaddition reaction
between 4-(azidomethyl)-8-methoxytetrazolo[1,5-a]quinoline 3 and 1-methyl-2-(prop-2-yn-1-ylox-
y)benzene 4d in 17 hr with 89% yield. Mp 145 �C.

8-Methoxy-4-((4-((p-tolyloxy)methyl)-1H-1,2,3-triazol-1-yl)methyl)tetrazolo[1,5-
a]quinoline (5e)

The compound 5a as a pale pink solid and was obtained via 1,3-dipolar cycloaddition reaction
between 4-(azidomethyl)-8-methoxytetrazolo[1,5-a]quinoline 3 and 1-methyl-4-(prop-2-yn-1-ylox-
y)benzene 4e in 16 hr with 90% yield. Mp 152–153 �C.

4-((4-((2,4-Dimethylphenoxy)methyl)-1H-1,2,3-triazol-1-yl)methyl)-8-methoxytetrazolo[1,5-
a]quinoline (5f)

The compound 5f as a off white solid and was obtained via 1,3-dipolar cycloaddition reaction
between 4-(azidomethyl)-8-methoxytetrazolo[1,5-a]quinoline 3 and 2,4-dimethyl-1-(prop-2-yn-1-
yloxy)benzene 4f in 18 hr with 90% yield. Mp 135 �C. 1H NMR (200MHz, DMSO-d6, d ppm):
2.06 (s, 3H), 2.18 (s, 3H), 4.04 (s, 3H, -OMe), 5.10 (s, N-CH2), 6.07 (s, O-CH2), 6.93–6.96 (m,
3H), 7.39–7.45 (m, 1H), 7.99–8.00 (d, 1H), 8.13–8.17 (m, 2H), and 8.39 (s, 1H). HRMS calculated
[MþH]þ for C22H22N7O2: 416.1829, found: 416.1825.

4-((4-((4-Chloro-3-methylphenoxy)methyl)-1H-1,2,3-triazol-1-yl)methyl)-8-methoxytetrazolo
[1,5-a]quinoline (5 g)

The compound 5f as a pale pink solid and was obtained via 1,3-dipolar cycloaddition reaction
between 4-(azidomethyl)-8-methoxytetrazolo[1,5-a]quinoline 3 and 1-chloro-2-methyl-4-(prop-2-
yn-1-yloxy)benzene 4g in 21 hr with 86% yield. Mp 150 �C. 1H NMR (200MHz, DMSO-d6, d
ppm): 2.27 (s, 3H), 4.04 (s, 3H, -OMe), 5.13 (s, N-CH2), 6.07 (s, O-CH2), 6.85–7.03 (m, 2H),
7.26–7.46 (m, 2H), 7.99–8.00 (d, 1H), 8.14 (s, 1H), 8.18 (s, 1H), and 8.41 (s, 1H). HRMS calcu-
lated [MþH]þ for C21H19N7O2Cl: 436.1283, found: 436.1283.

8-Methoxy-4-((4-((2,4,6-trichlorophenoxy)methyl)-1H-1,2,3-triazol-1-yl)methyl)tetrazolo [1,5-
a]quinoline (5 h)

The compound 5h as a off white solid and was obtained via 1,3-dipolar cycloaddition reaction
between 4-(azidomethyl)-8-methoxytetrazolo[1,5-a]quinoline 3 and 1,3,5-trichloro-2-(prop-2-yn-
1-yloxy)benzene 4 h in 22 hr with 86% yield. Mp 143–145 �C.

8-Methoxy-4-((4-phenyl-1H-1,2,3-triazol-1-yl)methyl)tetrazolo[1,5-a]quinoline (5i)

The compound 5i as a pale pink solid and was obtained via 1,3-dipolar cycloaddition reaction
between 4-(azidomethyl)-8-methoxytetrazolo[1,5-a]quinoline 3 and phenyl acetylene 4i in 19 hr
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with 88% yield. Mp 175–177 �C. 1H NMR (200MHz, DMSO-d6, d ppm): 4.07 (s, 3H, -OMe),
6.12 (s, N-CH2), 7.34–7.47 (m, 4H), 7.84–7.88 (m, 2H), 8.04–8.05 (d, 1H), 8.21–8.26 (m, 2H), and
8.72 (s, 1H). 13C NMR (50MHz, CDCl3, d ppm): 48.9, 56.3, 98.5, 117, 117.5, 118.1, 122.2, 125.2,
127.9, 128.9, 130.8, 131.3, 131.4, 133.1, 146.4, 146.9, and 161.8.

Experimental protocol for biological activity

Antibacterial activity

The antimicrobial susceptibility testing of newly synthesized compounds were performed in vitro
against bacterial strains viz., Gram positive Staphylococcus aureus (ATCC No. 29737), Micrococcus
luteus (ATCC No. 398), Bacillus cereus (ATCC No. 6630), and Gram negative Escherichia coli
(NCIM No. 2256), Pseudomonas fluorescens (NCIM No. 2173), and Flavobacterium devorans
(ATCC No. 10829), respectively, to find out MIC. The MIC (lg/mL) were defined as the lowest
concentrations of compound that completely inhibit the growth of each strain. Serial two-fold
dilutions of all samples were prepared in triplicate in micro titer plates and inoculated with suit-
ably prepared cell suspension to achieve the required initial concentration. Serial dilutions were
prepared for screening. Dimethyl sulfoxide (DMSO) was used as solvent control. Ampicillin,
kanamycin, and chloramphenicol were used as a standard antibacterial drug. The concentration
range of tested compounds and standard was 256–0.5 mg/mL. The plates were incubated at 37 �C
for all micro-organisms; absorbance at 595 nm was recorded to assess the inhibition of cell
growth after 24 hr. The compounds which are showing promising antibacterial activity were
selected for MIC studies. The MIC was determined by assaying at 256, 128, 64, 32, 16, 8, 4, 2, 1,
and 0.5 mg/mL concentrations along with standards at the same concentrations.

Antifungal activity

The antifungal activity was evaluated against different fungal strains such as Aspergillus niger
(NCIM No. 1196), Penicillium chrysogenum (NCIM No. 723), Curvularia lunata (NCIM No.
1131), Candida albicans (NCIM No. 3471), Aspergillus flavus (NCIM No. 539), and Cryptococcus
neoformans (NCIM No. 3378). Fluconazole, miconazole, and amphotericin B were used as stand-
ard drugs for the comparison of antifungal activity. The plates were incubated at 37 �C for all
micro-organisms; absorbance at 410 nm was recorded to assess the inhibition of cell growth after
48 hr. The lowest concentration inhibiting growth of the organisms was recorded as the MIC.
DMSO was used as a solvent or negative control. In order to clarify any effect of DMSO on the
biological screening, separate studies were carried out with solutions alone of DMSO and showed
no activity against any microbial strains. The compounds which are showing promising antifungal
activity were selected for MIC studies. The MIC was determined by assaying at 256, 128, 64, 32,
16, 8, 4, 2, 1, and 0.5 mg/mL concentrations along with standards at the same concentrations.

Antitubercular activity protocol

Compounds were tested for their in vitro effects against MTB H37Ra (ATCC 25177) which is sus-
ceptible to control drugs (Rifampicin, Isoniazid, Ethambutol, and Pyrazinamide). Compounds
were screened for their inhibitory effect on MTB by in vitro according to standard XTT
Reduction Menadione Assay (XRMA) protocol as described previously.38 Dimethyl Sulfoxide
(DMSO) was used as a solvent or negative control. In order to clarify any effect of DMSO on the
biological screening, separate studies were carried out with solutions alone of DMSO and showed
no activity against any mycobacteria. Rifampicin and Isoniazide was used as positive control for
assay. Primary screening was done against MTB at 30, 10, and 3 mg/mL concentration of
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compound. Those compounds were shown more than 90% inhibition at 30 mg/mL which were
selected for dose response. The MIC (in mg/mL) was recorded as the lowest concentration/highest
dilution of the compounds/control drugs that completely inhibited the growth of MTB cultures.

The in vitro effect of compounds against M. bovis BCG (ATCC 35743) was done according to
standard NR assay protocol as described previously.38 Briefly in NR assay, take 80 mL of culture
from incubated 96 well plate into another 96 well plate, then add 80 mL of 1% sulfanilic acid in
20% of conc. HCl, incubate it for 10min at room temperature then add 80mL of 0.1% NEDD
solution in D/W. Finally, the optical density of the suspension was measured at 540 nm using
micro plate reader. MIC and IC50 values were calculated using origin9 software. The % inhibition
of bacilli was measured using following formula,

% Inhibition ¼ ½ Abs of controlð Þ � Abs of test sampleð Þ= Abs of controlð Þ � Abs of blankð Þ�
� 100:

Control: cell growth in medium without compound, with DMSO
Test: cell growth in presence of compound
Blank: culture medium without cells.

DPPH radical scavenging activity

The hydrogen atom or electron donation ability of the compounds was measured from the
bleaching of the purple-colored methanol solution of 1,1-diphenyl-1-picrylhydrazyl (DPPH).39

The spectrophotometric assay uses the stable radical DPPH as a reagent. One milliliter of various
concentrations of the test compounds (5, 10, 25, 50, and 100 lg/mL) in methanol was added to
4mL of 0.004% (w/v) methanol solution of DPPH. After a 30-min incubation period at room
temperature, the absorbance was measured against blank at 517 nm. The percent inhibition (I %)
of free radical production from DPPH was calculated by the following equation.

% of scavenging ¼ ½ A control � A sampleð Þ=A blank� � 100

Where “A control” is the absorbance of the control reaction (containing all reagents except the
test compound) and “A sample” is the absorbance of the test compound. Tests were carried at
in triplicate.

Molecular docking

To gain an insight into the binding mode of quinoline-tetrazole-1,2,3-triazole derivatives into the
active site of fungal sterol 14a-demethylase (CYP51) enzyme and to increase the understanding of
their action as antifungal agents, the molecular docking study was performed using the Glide
(Grid-Based Ligand Docking with Energetics) program of Schrodinger molecular modeling
suite.47 Glide is an interactive molecular graphics program for analyzing the enzyme-inhibitor
interactions and identifying potential binding site of the bio-macromolecular targets. The algo-
rithm carries out a systematic search for favorable interactions between the ligand(s) and the tar-
get enzyme through a complete search of the conformational, orientation, and positional space of
the docked ligand by adopting a funnel type approach and eliminates unwanted conformations
using a scoring function followed by energy optimization. With this purpose, the starting coordi-
nates of the sterol 14a-demethylase (CYP51) in complex with its inhibitor-fluconazole were
retrieved from the Protein Data Bank (PDB) (www.rcsb.org) (PDB code: 3KHM) and further
modified to be used for Glide docking. The crystal structure was preprocessed the Protein
Preparation Wizard in Glide which involved eliminating the crystallographically observed water
molecules (as none of them were observed to be conserved), assigning the correct bond orders
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followed by addition of missing hydrogen atoms corresponding to pH 7.0 (considering the appro-
priate ionization states for the acidic as well as basic amino acid residues). Following the assign-
ment of appropriate charge and protonation state, the enzyme-inhibitor complex was subjected to
energy minimization (until the average root-mean-square deviation (RMSD) of the non-hydrogen
atoms reached 0.3 Å) using Optimized Potentials for Liquid Simulations-2005 (OPLS-2005) force
field in order to relieve the steric clashes among the residues due to addition of hydrogen atoms.
After ensuring that enzyme-inhibitor complex is in the correct form, the shape and properties of
the active site of the enzyme was characterized and setup for the docking study using the receptor
grid generation panel in Glide. With the non-covalently bound native ligand-fluconazole in place,
the active site grid was defined by a box of 10X10X10Å dimensions centered on the centroid of
fluconazole in the crystal complex which was sufficiently large to explore a bigger surface of the
enzyme. The co-crystallized ligand serves as the reference co-ordinate signifying the active site of
a ligand with respect to the target.

The 3D-structures of all the tetrazoloquinoline-1,2,3-triazole derivatives (3, 5a-i) were sketched
using the build panel within Maestro and were optimized using the LigPrep module which
involved addition of hydrogens, adjusting realistic bond lengths and angles, correcting the chiral-
ities, ionization states and ring conformations, and generation of tautomers. The partial atomic
charges were ascribed for these structures using the OPLS-2005 force-field and finally each of
these structures was subjected to energy minimization until energy gradient of 0.001 kcal/mol/Å
is reached. The optimized enzyme and ligand structures were then used as input for carrying out
docking study utilizing the extra precision (XP) Glide scoring function to rank the docking poses
and to estimate the binding affinities of these ligands to the target. This scoring function is
equipped with force field-based parameters accounting for contributions from van der Waals and
coulombic interaction energies along with terms for solvation, repulsive, hydrophobic, hydrogen
bonding, and metal-ligand interactions all integrated in an empirical energy functions. The output
files in terms of the docking poses of the ligands were visualized and analyzed for the key ele-
ments of interaction with the enzyme using the Pose Viewer utility in Maestro.
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