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a b s t r a c t 

In search of new bioactive 1,2,3-triazole hybrids, some 4-hydroxyphenyl benzothiazole (4-HBT) linked 

1,2,3-triazole with varying lengths of alkyl spacers were synthesized from bromo alkoxy derivatives of 

4 - HBT. All the synthesized hybrids were satisfactorily characterized, and were evaluated for in-vitro an- 

tifungal activity against C. tropicalis and A. terreus fungal strains wherein compound 4 h showed better 

activity for both fungal strains compared to the reference drug Fluconazole. Molecular docking with the 

active site of 14 α-sterol demethylase enzyme (PDBID: 1EA1) showed that all compounds exhibited strong 

H-bonding interactions with Thr260, Ala256, Arg96, Phe78, Leu321, Tyr76 while compound 4 h with the 

lone pair of -Cl have shown better interaction with the active site and were involved in H-bond inter- 

action with THR 260. DNA binding study exhibited very good DNA-interaction (2.03 × 10 5 Lmol -1 ) of 

compound 4b with the hs-DNA. The results of DFT study and ADME investigations were accessed for the 

pharmacodynamics and pharmacokinetic properties of the synthesized molecules. 

© 2021 Elsevier B.V. All rights reserved. 
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. Introduction 

In the past three decades, air and water pollution have in- 

reased at a rapid rate, which causes air and water-borne diseases 

nd affecting human health adversely [1-3] . Fungal infection has 

ncreased rapidly and become one of the major concerns for hu- 

an health [4] . Among several fungal species, Candida and As- 

ergillus are considered as the most common fungal pathogens 

hich are responsible for the majority of fungal infections occur- 

ing worldwide [ 5 , 6 ]. Azoles, polyenes and allylamines are com- 

only used antifungal drugs by targeting sterol 14 α- demethylase, 

rgosterol, and β-1,3-glucan synthase, respectively [7] . The inhi- 

ition of lanosterol 14 α-demethylase (CYP51) is gaining signifi- 

ant importance for developing antifungal drugs. The CYP51 pro- 

ein is the main target for azoles and uses non-covalent ligand 

nteractions to inhibit CYP51, which mediates membrane perme- 

bility and fluidity by demethylating the 14 α-position of lanos- 

erol to form ergosterol [7] . The thiazole containing heterocycles 

ave attracted continuing interest because of their varied biologi- 

al activities including antimicrobial [8] , anticancer [9] , antimalar- 

al [10] , antiviral [11] and CNS activity [ 12 , 13 ]. Triazole ring has
∗ Corresponding author. 
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een reported as an important antifungal agent mainly because 

f its hydrogen bonding capability, moderate dipole character and 

igh metabolic stability [14-17] . However, long time usage of an- 

ifungal drugs has directed to an increase in resistance to these 

rugs. 

Therefore, there is an emergent need to synthesize new hybrid 

olecules with better binding affinity with drug target. The molec- 

lar hybridization approach is commonly used to synthesize new 

ybrid molecules that are supposed to be more biologically ac- 

ive than parent moieties. 1,2,3-Triazoles are well known for their 

road range of biological applications [ 15 , 18-21 ]. Similarly, the 4 - 

BT containing compounds are also known for their pharmaco- 

ogical properties [12] . 1,2,3-Triazoles and benzothiazole containing 

ybrid molecules exhibiting antimicrobial properties are not much 

xplored [ 22 , 23 ]. 

Although, both 4-HBT and triazoles are known for various phar- 

acological properties, only few reports of hybrid triazole which 

re composed of 4-HBT and triazole ring are present in the liter- 

ture [24-27] . For example, Malic et al . [25] have synthesized tri- 

zoles with 4-amino phenylbenzothiazole derivative as azide unit 

nd coumarin derivative as the alkyne part using CuSO 4 / Na- 

scorbate catalyst in t -BuOH/ H 2 O (1:1 v/v) solvent medium and 

nder microwave conditions and explored antimicrobial activity. 

he same research group [26] have explored the two triazole hy- 

https://doi.org/10.1016/j.molstruc.2021.131013
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2021.131013&domain=pdf
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Fig. 1. Designing of 4-HBT linked 1,2,3- triazole derivatives. 
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Table 1 

Synthesis of 4-HBT linked 1,2,3-triazoles 4a-o . [a] 

S. No. Compound n R Time (h) Yield (%) [ b ] 

1. 4a 2 H 5 90 

2. 4b 2 Me 5 94 

3. 4c 2 Cl 6 85 

4. 4d 2 COMe 7 87 

5. 4e 2 NO 2 7 83 

6. 4f 3 H 6 91 

7. 4g 3 Me 5 93 

8. 4h 3 Cl 6 83 

9. 4i 3 COMe 6 85 

10. 4j 3 NO 2 7 84 

11. 4k 4 H 5 92 

12. 4l 4 Me 6 90 

13. 4m 4 Cl 6 86 

14. 4n 4 COMe 7 85 

15. 4o 4 NO 2 6 80 

a 4-(n-(bromoalkoxy)phenyl)benzothiazoles 2a-c (1 mmol), 

alkyne 3a-e (1 mmol), NaN 3 (1.2 mmol), CuSO 4 •5H 2 O (10 mol%), 

Na-ascorbate (20 mol%), THF: H 2 O (8:2 v/v ratio), 60 °C, 5–7 hrs.;. 
b Yields refer to purification via column chromatography using 

ethyl acetate: hexane with increased polarity gradient. 

Table 2 

The antifungal activity data of synthesized 4-HBT linked 1,2,3-triazoles 4a-o . 

S. 

No. 

Compound n R Zone of inhibition (diameter in mm) 

C. tropicalis A. terreus 

1. 4a 2 H 32.0 29.8 

2. 4b 2 Me 30.6 27.6 

3. 4c 2 Cl 31.0 27.0 

4. 4d 2 COMe 27.0 26.0 

5. 4e 2 NO 2 14.0 22.5 

6. 4f 3 H 32.6 30.2 

7. 4g 3 Me 31.1 29.3 

8. 4h 3 Cl 33.1 30.5 

9. 4i 3 COMe 14.0 24.0 

10. 4j 3 NO 2 28.2 26.5 

11. 4k 4 H 29.5 28.7 

12. 4l 4 Me 30.2 29.0 

13. 4m 4 Cl 29.0 28.1 

14. 4n 4 COMe 21.5 27.0 

15. 4o 4 NO 2 29.3 28.0 

16. DMSO – – 00 00 

17. Fluconazole – – 21.0 19.0 
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rids with 4-aminophenylbenzothiazole unit with satisfactory yield 

nd explored in-vitro antimicrobial activities. Rezki et al . [27] have 

ynthesized benzothiazole linked triazole hybrids having alkoxy 

mide as the linker using CuSO 4 / Na-ascorbate as the catalyst and 

valuated the antifungal and antibacterial activities. Kumbhare et 

l . [24] have synthesized benzothiazole based triazole hybrids by 

sing CuI as the catalyst in dry THF conditions under ultrasound 

onditions and evaluated their anticancer activity. Although, the 

eported triazoles showed good anti-microbial and anticancer ac- 

ivities, but in some cases, synthesis was carried out under par- 

icular environment with dry organic solvents with no systematic 

NA binding and detailed docking studies. 

By keeping foregoing points in our mind mainly the well- 

nown pharmacophore properties of triazole and benzothiazole, 

nd also better binding capabilities of some of their hybrid 

olecules, herewith we have explored the synthesis and applica- 

ions of 4-HBT linked 1,2,3-triazole hybrid molecules with varying 

lkyl linkers ( Fig. 1 ). To the best of our knowledge, the 4-alkoxy 

henyl benzothiazole linked 1,2,3-triazole hybrid molecules have 

ot been synthesized earlier. The alkyl linkers are known to impart 

ore flexibility to the geometry of the molecules and thus better 

onformation can be achieved to bind with the biological targets. 

he interactions of small molecules with DNA are well documented 

n the literature for determining their binding affinity with the 

NA [ 28 , 29 ]. Herein, we are presenting antifungal evaluation as 

ell as DNA interactions of 4-HBT linked 1,2,3-triazole molecules. 

he molecular docking study [28] has finally provided information 

o understand the mechanism of their interaction and the type of 

on-covalent interactions involved. 

. Results and discussion 

.1. Chemistry 

The desired 4-HBT linked 1,2,3-triazole hybrids were synthe- 

ized by the nucleophilic substitution reaction of different dibromo 

lkanes i.e., dibromo (ethane, propane and butane) with 4-HBT ( 1 ) 

sing K 2 CO 3 base as summarized in Scheme 1 to prepare differ- 

nt bromo alkoxy derivative 2a-c in good yields. Thus, synthe- 

ized bromo alkoxy derivatives 2a-c were subjected to react un- 

er CuAAC mediated (3 + 2) cycloaddition reaction with differ- 

nt alkyne derivatives 3a-e via insitu formation of corresponding 

equired organic azides to attain the desired 4-HBT linked 1,2,3- 

riazole derivatives 4a-o in good to high yield ( Scheme 1 , Table 1 ).

The synthesized 4-HBT linked 1,2,3-triazole hybrid molecules 

ere fully characterized by FT-IR, 1 H NMR, 13 C NMR, and ESI- 

S data. For instance, the 1 H NMR spectrum of compound 4a 

isplayed two triplets in the aliphatic region at 4.54 ppm and 

.85 ppm corresponds to the hydrogens of an alkyl chain spac- 

rs, whereas, singlet at δ 5.17 ppm was assigned to the –OCH 2 

inked to other side of triazole. The signals due to aromatic pro- 

ons present in the 4-HBT skeleton and phenyl ring of propar- 

yl moiety appeared in the corresponding aromatic region. Also, 

 characteristic singlet at δ value 8.35 ppm corresponds to a tria- 
2 
olyl proton to confirm the cycloaddition reaction. In the 13 C NMR 

pectrum, three characteristics carbon signals at δ 48.90, 60.85, 

6.36 ppm were observed corresponding to the aliphatic carbon 

toms present in 4a. i.e., two of ethyl chain as a linker and one 

f –OCH 2 group. In the FT-IR spectrum of the compound 4a, a 

haracteristic absorption signal at 3143 cm 

−1 indicated the for- 

ation of triazole ring. The ESI-MS spectrum further supported 

he structure assigned to 4a as 2-(4-(2-(4-(phenoxymethyl) −1 H - 

,2,3-triazol-1-yl)ethoxy)phenyl)benzothiazole, showing molecular 

on peak at m/z 429.14 which corresponds to its molecular formula 

 24 H 20 N 4 O 2 S. A similar pattern of spectral peaks were obtained 

ith all other triazole derivatives. The detailed spectral data of all 

he synthesized triazoles 4a-o is given in the Supplementary Infor- 

ation. 

Evaluation of antifungal activity: The antifungal evaluation of 

ll the synthesized 1,2,3-triazoles 4a-o was carried out against fun- 

al strains C. tropicalis MTCC 184 , and A. terreus MTCC 1325 by agar 

ell diffusion method. Here, DMSO and the fluconazole were used 

s negative control and standard reference, respectively. The diam- 

ter of zone of inhibition (ZOI) of all the 1,2,3-triazoles 4a-o was 

easured (in mm) as mentioned in Table 2 . 

The antifungal activity results indicated that most of the syn- 

hesized 4-HBT linked 1,2,3-triazoles reflected good antifungal ac- 

ivity against C. tropicalis except 4e and 4i . Overall, compound 4h 
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Scheme 1. . Synthesis of 4-HBT linked triazole hybrid molecule 4a-o . 

Table 3 

Docking results of 4-HBT linked 1,2,3-triazole 4a - o and their interactions with 14 α- demethylase 

lanosterol enzyme. 

Compound BE a run IME b IE c TorE d VdwE e EE f Ki g (pM) 

4a −14.53 3rd −14.81 −2.34 2.09 −14.62 −0.19 22.35 

4b −13.32 4th −13.39 −3.05 2.39 −13.44 0.05 171.85 

4c −13.61 4th −14.15 −2.57 2.39 −14.26 0.10 105.71 

4d −12.43 3rd −13.80 −2.12 2.68 −13.65 −0.15 777.31 

4e −11.17 10th −12.35 −2.31 2.68 −13.18 0.84 6470 

4f −14.76 7th −15.19 −2.96 2.68 −15.15 −0.04 15.14 

4g −14.25 4th −14.43 −3.23 2.68 −14.25 −0.17 35.66 

4h −15.07 2nd −15.46 −3.01 2.68 −15.32 −0.14 08.95 

4i −12.17 7th −13.78 −2.17 2.98 −13.77 −0.02 1200 

4j −13.13 10th −15.03 −1.86 2.98 −15.68 0.65 235.66 

4k −13.70 3rd −15.10 −2.38 2.98 −15.13 0.03 91.01 

4l −13.89 5th −15.05 −2.63 2.98 −14.80 −0.25 65.84 

4m −13.08 2nd −14.32 −2.56 2.98 −14.49 0.17 257.64 

4n −12.10 1st −14.93 −1.33 3.28 −14.87 −0.06 1350 

4o −12.76 5th −14.03 −2.88 3.28 −14.60 0.57 439.86 

Fluconazole −8.26 5th −8.82 −2.18 1.79 −8.77 −0.06 886.18nM 

a : BE = Binding energy (kcal/mol),. 
b : IME = Intermolecular energy (kcal/mol),. 
c : IE = Internal energy (kcal/mol),. 
d : TE = Torsional energy (kcal/mol),. 
e : VdwE = Vander waal Energy vdW + H -bond + desolv energy (kcal/mol),. 
f : EE = Electrostatic energy (kcal/mol),. 
g : Ki = Inhibition constant (pM). 
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 n = 3 and R = Cl) revealed better activity against both the fungal

trains among all the synthesized 1,2,3-triazoles and unsubstituted 

ompounds ( 4a , 4f , 4k ) showed good activity against both the 

trains. The structure-activity relationship analysis revealed that 

ompounds containing electron withdrawing substitution at the 

ara position of phenyl ring are comparatively lesser antifungal ac- 

ive than the compounds containing electron-donating substitution 

t the para position. 

.2. Molecular docking 

From the antifungal activity experiments, we have found that 

ynthesized triazoles showed significant inhibition of the fungal 

ctivity. Azoles act as antifungal agent mainly by inhibiting the 

ytochrome 450 dependent conversion of Lanosterol to Ergosterol 

hich is a major membrane sterol of fungi. Triazoles act as 14 α- 

emethylase inhibitor and so inhibit the Ergosterol synthesis [30] . 

herefore, to scrutinize the mode of interaction of synthesized tri- 

zoles 4a-o into active sites of 14 α-demethylase, molecular dock- 

ng studies were performed. For this purpose, the active site of en- 

yme 14 α-demethylase (PDBID: 1EA1 ) was considered for molec- 

lar docking of synthesized triazoles and calculations were per- 

ormed using software Autodock 4.0 [31] . From docking results as 

resented in Table 3 , it was observed that some of the triazoles 

howed effective H-bond interaction with the active site of 14 α- 

emethylase. To compare the interactions of all the synthesized tri- 

zole with the standard, fluconazole was also docked at the same 

ctive site of the enzyme. The results revealed that most of the 

riazoles understudy shown better free energy of binding than the 

tandard fluconazole. While compound 4d , 4e , 4i , and 4j having 
3 
lectron withdrawing groups (-NO 2 and -COMe) at the para po- 

ition shown less effective interaction as compared to the com- 

ounds 4b , 4g , and 4l which have electron donating groups at the 

ara position. 

It was observed that among all the compounds the triazoles 

aving -Cl group as substituent have shown better interaction with 

he active site. In compound 4 h, the lone pair of chlorine were in- 

olved in H-bond interaction with THR260 present in the active 

ite of the enzyme as represented in Fig. 2 . The binding modes for 

est of compounds ( 4a - g , and 4i - o ) in the active site of cytochrome

50 14 α- demethylase enzyme are mentioned in Figures SI-64 to 

I-78 . Further, all 1,2,3-triazole hybrids exhibited strong H-bonding 

nteractions with Thr260, Ala256, Arg96, Phe78, Leu321, Tyr76 as 

epresented in Table 4 , thereby stabilizing the enzyme-inhibitor 

omplex at the active site. 

.3. DNA binding studies 

UV–visible spectroscopy is one of the most widely used tech- 

ique to evaluate the interactions of small molecules with DNA 

 32 , 33 ]. When any molecule interacts with DNA there is a 

ubsequent change in the absorption spectrum in the form of 

ypochromic or hyperchromic shift. Generally, more is the shift 

n absorbance more will be an interaction between a compound 

nd DNA. Among all the synthesized compounds 4b showed better 

nteraction with the hs-DNA. The UV absorbance spectrum of 4b 

ith increasing concentration of hs-DNA is shown in Fig. 3 . With- 

ut hs-DNA, 4b molecule showed a broad absorption band around 

20 nm, which corresponds to the core benzothiazole structure 

34] . However, hs-DNA has a characteristic peak at 260 nm. By 
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Fig. 2. 2D and 3D binding interactions representation of 4h in active site of cytochrome 450 14 α-sterol demethylase enzyme CYP51 (PDBID: 1EA1 ). 

Table 4 

The binding energies and interactions obtained from the docking results of 4a-o . 

Ligand B.E. (kcal/mol) Interactions (active site-ligand) 

4a −14.51 Hem460, THR260, ALA256, ARG96, PHE78, LEU321, TYR76 

4b −13.32 Hem460, LEU100, MET99, PHE78, ALA256, LEU321, MET79, TYR76 

4c −13.61 Hem460, PHE78, TYR76, LEU321, MET79, LEU100, ALA256, PHE255, HIS259, THR260 

4d −12.43 Hem460, HIS259, LEU321, PHE78, TYR76, PHE255, MET79, ALA256, ARG96, LEU100, MET99 

4e −11.17 Hem460, LEU100, ALA256, PHE83, MET79, PHE255, THR260, LEU321, TYR76 

4f −14.76 Hem460, HIS259, PHE78, LEU321, MET79, THR260, ALA256, LEU100, ARG96 

4g −14.25 Hem460, ARG96, MET99, LEU100, PHE255, MET79, ALA256, LEU321, PHE78, TYR76, HIS259 

4h −15.07 Hem460, MET79, PHE78, ARG96, LEU321, PHE255, LEU100, ALA256, THR260, HIS259, LEU321 

4i −12.17 Hem460, ARG96, PHE83, MET99, LEU100, ALA256, MET79, THR260, HIS259, LEU321, PHE78, TYR76 

4j −13.13 Hem460, HIS259, HIS258, THR260, ALA256, ARG96, LEU100, MET79, TYR76, PHE78, LEU321, TYR76 

4k −13.70 Hem460, PHE78, MET79, LEU321, TYR76, ARG96, LEU100, ALA256, THR260, PHE83 

4l −13.89 Hem460, LEU321, PHE256, PHE78, TYR76, MET79, ARG96, ALA256, LEU100, MET99, THR260 

4m −13.08 Hem460, THR260, HIS259, ALA256, LEU321, MET79, TYR76, PHE78, LEU100, ARG96 

4n −12.10 Hem460, PHE78, MET79, TYR76, LEU321, ALA256, LEU100, GLN72, ARG96, ALA256 

4o −12.76 Hem460, THR260, HIS259, ARG96, ALA256, LEU100, LEU321, MET79, PHE255, TYR76, PHE78 
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Table 5 

The binding constant (K b ) and%Hypochromism (H%) results of synthesized 1,2,3- tri- 

azole hybrid 4a-o with hs-DNA. 

S. No. Compound n R 

Absorbance 

H% a 
K b 
(Lmol -1 ) > 

b × 10 5 free bound 

1. 4a 2 H 0.2291 0.1768 22.8 0.95 

2. 4b 2 Me 0.3462 0.2844 17.8 2.03 

3. 4c 2 Cl 0.2403 0.2069 13.8 0.28 

4. 4d 2 COMe 0.2100 0.1537 26.8 1.61 

5. 4e 2 NO 2 0.1624 0.1482 8.74 0.31 

6. 4f 3 H 0.3731 0.3182 14.7 0.90 

7. 4g 3 Me 0.1655 0.1339 19.0 1.97 

8. 4h 3 Cl 0.3017 0.2795 7.35 0.56 

9. 4i 3 COMe 0.1925 0.1694 12.0 0.96 

10. 4j 3 NO 2 0.2692 0.2389 11.2 1.59 

11. 4k 4 H 0.3807 0.3424 10.0 0.93 

12. 4l 4 Me 0.2509 0.2328 7.21 0.28 

13. 4m 4 Cl 0.4802 0.4357 9.26 0.68 

14. 4n 4 COMe 0.1172 0.1113 0.59 0.05 

15. 4o 4 NO 2 0.3258 0.2991 8.19 0.42 

a : H% (%hypochromism) = [(A f -A b )/A f )] × 100, Where A f and A b represent the 

absorbance of free and bound compounds,. 
b : K b = Intrinsic binding constant. 

2

t

i

i

l

u

eeping a fixed concentration compound 4b in cuvette the hs- 

NA added and hypochromic shift was observed. The change in 

bsorption spectra indicated the 4b -DNA complex formation. The 

bsorbance titration of the other remaining triazoles with the hs- 

NA were carried out under similar experimental conditions and 

heir respective binding constant plots are given in Figures SI-52 

o SI-63 in supplementary information file and calculated binding 

onstant values are shown in Table 5 . Further, the DNA association 

bility was calculated quantitatively in the form of intrinsic bind- 

ng constant (K b ) by the following reported equation [35] : 

1 

A 0 − A 

= 

1 

A 0 

+ 

1 

k ∗ A 0 ∗ C DNA 

hereas “A 0 ” is initial absorbance, “A” denotes final absorbance, 

C DNA ” corresponds to the concentration of DNA and “k” is the 

inding constant. 

To understand their interaction molecular docking was per- 

ormed and 4a-o docked in the active site of DNA dodecamer 

PDBID: 1BNA ) as shown in Table 6 . Also, to further get the closer

nformation, various binding interactions of all synthesized com- 

ounds were evaluated and their 2D and 3D representations are 

resented in Figures SI-52 to SI-63 . For easy reference compounds 

b and 4 g are shown in Fig. 4 and 5 , which showed high binding

onstant values. It was observed that 4b have shown effective in- 

eraction with the active site and binds to the groove region of the 

NA as shown in Fig. 6 with the binding energy −7.39 kcal/mol. 
4 
.4. ADME prediction 

In the last two decades, in-silico studies of biological applica- 

ions have attracted the attention of scientists [36] . For instance, 

n-silico ADME investigations are found to be a helpful and promis- 

ng technique to choose a particular bio-active compound from the 

ibrary of compounds [37-39] . This investigation usually helps to 

nderstand and minimize the risk of the drug in human beings at 
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Fig. 3. Compound 4b vs hs-DNA (0 - 2.7 × 10 − 6 M) systematic absorption titration (arrow indicate change in absorbance); Linear plot for calculating binding constant 

(given in inset). 

Fig. 4. 2D (a) and 3D (b) binding interactions representation of 4b with DNA residue. 

Fig. 5. 2D (a) and 3D (b) binding interactions representation of 4g with DNA residue. 
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 later stage. It is expected that for desired in-vivo activity, equi- 

ibrium between pharmacodynamic and pharmacokinetic proper- 

ies is needed. Various parameters from ADME studies provide de- 

ailed information related to brain penetration, oral bioavailability 

nd clearance after drug dosage. Including these methods of vir- 

ual screening, other parameters such as drug-likeness score, hu- 

an intestinal absorption, partition coefficient, polar surface area 
5 
nd cell permeability can be studied. The in-silico investigations of 

ynthesized triazoles 4a-o were performed to evaluate the physio- 

hemical parameters such as MLogP, HBA, MR, RB, HA, MW, TPSA, 

BD, using SwissADME software [ 40 ] as presented in Table 7 . A 

olecule is likely to be developed as an orally active drug that 

hould obey four or more points as mentioned in the Lipinski rule 

f five [ 41 ]. As per the Lipinski rule, any molecule could be con-
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Table 6 

The binding energies of 4a-o docked in the active site of 

DNA dodecamer (PDBID: 1BNA ). 

S. No. Compound n R B.E. (kcal/mol) 

1. 4a 2 H −7.42 

2. 4b 2 Me −7.39 

3. 4c 2 Cl −7.12 

4. 4d 2 COMe −7.48 

5. 4e 2 NO 2 −6.43 

6. 4f 3 H −7.22 

7. 4g 3 Me −7.29 

8. 4h 3 Cl −7.17 

9. 4i 3 COMe −7.05 

10. 4j 3 NO 2 −6.54 

11. 4k 4 H −6.59 

12. 4l 4 Me −6.81 

13. 4m 4 Cl −7.21 

14. 4n 4 COMe −6.96 

15. 4o 4 NO 2 −5.51 
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Fig. 6. Docked pose of 4b (a), and 4g (b) in the groove region of DNA (PDBID: 1BNA ). 

Table 8 

The bioactivity score by Molinspiration [46] property calculator toolkit. 

S. No. Compound GPCR a ICM 

b KI c NR d PI e EI f 

1. 4a −0.11 −0.43 0.12 −0.20 −0.21 0.08 

2. 4b −0.14 −0.47 0.08 −0.22 −0.25 0.03 

3. 4c −0.11 −0.42 0.10 −0.22 −0.24 0.05 

4. 4d −0.16 −0.46 −0.02 −0.25 −0.25 0.01 

5. 4e −0.22 −0.43 −0.00 −0.27 −0.30 −0.02 

6. 4f −0.08 −0.34 0.12 −0.18 −0.13 0.07 

7. 4g −0.11 −0.39 0.08 −0.20 −0.17 0.02 

8. 4h −0.08 −0.34 0.10 −0.20 −0.16 0.04 

9. 4i −0.13 −0.39 −0.02 −0.23 −0.18 0.00 

10. 4j −0.19 −0.37 0.00 −0.25 −0.23 −0.03 

11. 4k −0.04 −0.30 0.10 −0.20 −0.12 0.10 

12. 4l −0.07 −0.35 0.06 −0.21 −0.16 0.05 

13. 4m −0.04 −0.30 0.08 −0.21 −0.15 0.07 

14. 4n −0.09 −0.37 −0.03 −0.24 −0.17 0.03 

15. 4o −0.15 −0.35 −0.01 −0.26 −0.22 0.00 

a GPCR = GPCR ligand;. 
b ICM = Ion channel modulator;. 
c KI = Kinase inhibitor;. 
d NR = Nuclear receptor ligand;. 
e PI = Protease inhibitor;. 
f EI = Enzyme inhibitor. 
idered suitable as an oral drug which agrees with five important 

oints: a) Molecular weight ≤ 500, b) MLog P ≤ 5, c) Number of 

ydrogen bond acceptor ≤ 10 and d) Number of hydrogen bond 

onor ≤ 5. Here, the number of rotatable bonds represents the 

olecular flexibility and plays an important role in oral bioavail- 

bility; if the molecule is flexible, that indicate the drug is less 

rally active. It was observed that most of the synthesized com- 

ounds have all the parameters in the expected range. 

Drug likeness score was calculated using molsoft [42] and the 

ioactivity score result indicated in Table 8 wherein most of the 

ompounds were found in the acceptable range. The pharmacoki- 

etic parameters related to effective nature of drug in the body 

uch as PPB predictions, BBB penetration, Plasma protein bind- 

ng, Pgb inhibition and human intestinal absorption were eval- 

ated using PreADMET software [43-45] available online ( https: 

/preadmet.bmdrc.kr/ ) as shown in Table 9 . PreADME studies have 

lso been used to evaluate useful parameters related to its effec- 

ive nature in the body. PPB analysis was carried out based on the 

riteria- a) with a score more than 90%: chemicals strongly binds 

nd b) a score less than 90%, chemicals weakly bind. It is evident 
Table 7 

The in-silico ADME prediction and drug-likeness model score. 

Compound MR a TPSA b RB c HA d MW 

e MLogP f HBA g HBD h Lipinski violations i Drug-likeness j 

Rule – – – – ≤500 ≤ 5 ≤10 ≤5 ≤ 1 –

4a 121.70 90.30 8 31 428.51 3.37 5 0 0 0.07 

4b 126.66 90.30 8 32 442.53 3.58 5 0 0 0.12 

4c 126.71 90.30 8 32 462.95 3.85 5 0 0 0.52 

4d 131.89 107.37 9 34 470.54 2.91 6 0 0 0.02 

4e 130.52 136.12 9 34 473.50 3.23 7 0 0 −0.37 

4f 126.50 90.30 9 32 442.53 3.58 5 0 0 0.13 

4g 131.47 90.30 9 33 456.56 3.78 5 0 0 0.16 

4h 131.51 90.30 9 33 476.98 4.05 5 0 0 0.54 

4i 136.70 107.37 10 35 484.57 3.12 6 0 0 0.09 

4j 135.33 136.12 10 35 487.53 3.44 7 0 0 −0.32 

4k 131.31 90.30 10 33 456.56 3.78 5 0 0 0.19 

4l 136.28 90.30 10 34 470.59 3.98 5 0 0 0.21 

4m 136.32 90.30 10 34 491.00 4.15 5 0 1 0.58 

4n 141.51 107.37 11 36 498.60 3.31 6 0 0 0.14 

4o 140.13 136.12 11 36 501.56 3.65 7 0 1 −0.29 

a MR = Molar refractivity;. 
b TPSA = Topographical polar surface area;. 
c RB = Number of rotatable bonds;. 
d HA = No. of heavy atoms;. 
e MW = Molecular weight;. 
f MlogP = Lipophilicity;. 
g HBA = No. of hydrogen bond acceptors;. 
h HBD = No. of hydrogen bond donors;. 
i Number of violations;. 
j Drug-likeness model score. 

6 

https://preadmet.bmdrc.kr/
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Fig. 7. HOMO and LUMO distributions at the ground states of 4b and 4 h molecules. 

Table 9 

Pharmacokinetic parameter calculated using PreADMET. 

S. No. Compound BBB a HIA b Caco2 c SP d MDCK e PPB f 

1. 4a 0.048 97.752 24.181 −2.880 81.846 98.619 

2. 4b 0.039 97.702 24.727 −2.848 72.823 96.538 

3. 4c 0.029 97.676 50.761 −2.924 68.177 98.114 

4. 4d 0.044 98.500 24.370 −3.036 14.514 94.832 

5. 4e 0.355 99.810 17.962 −2.771 1.5375 97.312 

6. 4f 0.216 97.702 24.956 −2.805 27.846 99.832 

7. 4g 0.170 97.673 25.567 −2.780 30.748 97.249 

8. 4h 0.098 97.701 51.955 −2.850 23.962 99.457 

9. 4i 0.121 98.330 25.435 −2.961 0.488 95.331 

10. 4j 0.440 99.975 19.334 −2.689 0.163 97.857 

11. 4k 0.061 97.673 23.841 −2.617 28.423 99.879 

12. 4l 0.050 97.661 24.304 −2.598 32.944 98.179 

13. 4m 0.038 97.733 50.844 −2.659 27.26 99.443 

14. 4n 0.045 98.181 24.216 −2.764 0.519 96.263 

15. 4o 0.628 100.00 19.965 −2.504 0.154 98.054 

a BBB = blood-brain barrier penetration;. 
b HIA = Human intestinal absorption (%);. 
c Caco2 cell permeability;. 
d SP = Skin permeability;. 
e MDCK cell permeability;. 
f PPB = Plasma protein binding (%). 
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rom the data shown in Table 9 , all the synthesized compounds 

trongly bound to plasma protein. Another important parameter, 

lood-brain barrier (BBB) penetration obeys the criteria [43] i.e. a) 

igh absorption to CNS for BB > 2.0; b) Moderate absorption to CNS 

or BB between 2.0–0.1; and c) low absorption to CNS for BB < 0.1.

he results obtained from BBB studies showed that 4e, 4f, 4 g , 

nd 4i may have moderately acceptable absorption to CNS, while 

thers show low absorption. Further, human intestinal absorption 

HIA) results were evaluated by following these points: a) HIA be- 

ween 0% and 20% (Poorly absorbed) b) HIA between 20% and 70% 

Moderately absorbed) and c) HIA between 70% and 100% (high ab- 

orbed). For this parameter, all the compounds have shown well 

uman intestinal absorption properties. Therefore, almost all the 

ynthesized triazoles have well to better PreADME results and have 

he potential for active biological applicability. 

.5. DFT study 

The study of frontier molecular orbitals (FMO) through the den- 

ity functional theory (DFT) provided us a very useful tool to eval- 

ate the important reactivity parameters in order to efficiently de- 

ign various classes of drugs with the help of available data or li- 

rary of various related chemical compounds [ 42 , 47 , 48 ]. Molec-

lar geometry of all the synthesized 4-HBT linked 1,2,3-triazole 

olecules 4a - o were optimized with the help of Gaussian 09 pro- 

ram using B3LYP and 6–311G(d,p) level and basis set, respectively 

46] . The optimized structures of all the synthesized triazoles 4a- 
7 
 were also verified to be local minima, without any imaginary 

requencies. In general the lower energy orbitals that have empty 

olecular orbital or also called lowest unoccupied molecular or- 

ital (LUMO) of the acceptor molecules generally accepts the elec- 

rons from the higher energy orbitals that have filled molecular or- 

itals or also called highest occupied molecular orbital (HOMO). 

he energy parameters of the frontier orbitals like energy gap, 

hemical potential and the chemical hardness are represented by 

E LUMO –HOMO , μ, and η, respectively and were computed by us- 

ng Koopmans’ theorem [49] . However, the electrophilicity index 

epresented by ω was calculated by using Robert G. Parr approxi- 

ation [50-52] . The three relations for μ, η, and ω (i - iii) as de-

ailed in SI file and the results are summarized in Table 10 . The

hemical hardness ( η) of the compound can be computed with the 

elp of mean value of HOMO-LUMO energy gap that shows reac- 

ivity of the compound. The higher values of η show hardness of 

he molecules while, lower values show softness. The more energy 

ap needs high excitation energy to cross or reach the excitation 

tate and hence, hard the molecule to react as compared to the 

oft molecules that possesses lower energy gap. The computed val- 

es of the chemical hardness showed following decreasing trend of 

hemical hardness of 4-HBT linked 1,2,3-triazoles 4a - o molecules: 

Harder) 4b > 4a ≈4c - d > 4f - g ≈4i > 4k - n > 4h > 4e > 4j > 4o (Softer) 

The complete details on the FMOs distribution pattern of 4-HBT 

inked 1,2,3-triazoles 4a - o are given in Figure SI-76 . For ready ref- 

rence, the FMOs of 4h and 4b most promising compounds on the 

asis of antifungal activity and molecular docking results, respec- 
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Table 10 

Chemical reactivity parameters ( �E LUMO –HOMO, μ, η, and ω) in eV of 4a - o computed 

by DFT (B3LYP/6–311G(d,p) level). 

Compound 

Parameters (eV) 

E HOMO E LUMO E LUMO –HOMO μ η ω 

4a −6.05 −1.73 4.32 −3.89 2.16 3.51 

4b −6.06 −1.73 4.33 −3.90 2.17 3.50 

4c −6.09 −1.77 4.32 −3.93 2.16 3.57 

4d −6.10 −1.78 4.32 −3.94 2.16 3.59 

4e −6.15 −2.43 3.72 −4.29 1.86 4.94 

4f −6.03 −1.72 4.31 −3.87 2.15 3.48 

4g −6.02 −1.72 4.31 −3.87 2.15 3.48 

4h −6.02 −1.73 4.29 −3.87 2.14 3.49 

4i −6.06 −1.75 4.31 −3.90 2.16 3.53 

4j −6.10 −2.44 3.66 −4.27 1.83 4.99 

4k −5.98 −1.67 4.30 −3.82 2.15 3.40 

4l −5.97 −1.67 4.30 −3.82 2.15 3.40 

4m −6.00 −1.70 4.30 −3.85 2.15 3.44 

4n −6.00 −1.70 4.30 −3.85 2.15 3.44 

4o −6.04 −2.40 3.64 −4.22 1.82 4.88 
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ively, are shown in Fig. 7 . Considering the decreasing trend of the 

hemical hardness and the relative positions of the 4h and 4b , it 

evealed that the high reactivity of 4h is also supported by the DFT 

esults. 

. Conclusion 

Bioactive 1,2,3-triazoles, and 4-HBT linked with varying alkyl 

pacers were synthesized and fully characterized. All the syn- 

hesized molecules were evaluated for in-vitro antifungal activity 

herein compound 4h showed better activity against both C. trop- 

calis and A. terreus fungal strains. In DNA binding studies, com- 

ound 4b exhibited very good interaction with the hs-DNA. Molec- 

lar docking results showed compound 4h with the lone pair of 

hlorine have shown better interaction with the active site and 

ere involved in H-bond interaction with Thr260. Also, DFT and 

DME predictions for the pharmacodynamics and pharmacokinetic 

roperties revealed the medicinal potential of these molecules for 

urther investigations to get some hybrid lead. 

. Experimental section 

General Information: 1 H NMR and 

13 C NMR spectra were 

ecorded on Bruker Avance 500 MHz spectrometer, whereas 13 C 

MR spectra were acquired on the same instrument at 125 MHz 

sing tetramethylsilane (TMS) as the internal standard. ESI-MS 

pectra were recorded on a WATERS XEVO G2-XS QTOF instru- 

ent. FT-IR (Fourier transform-infrared) analysis was carried out 

n Shimadzu IR-Instrument using anhydrous KBr pellets. The col- 

mn chromatography with silica gel of 10 0–20 0 mesh size was 

urchased from Avra Chemicals Limited, chemicals and solvents 

sed were of analytical grade. The open tube capillary method was 

sed for determining melting points of the synthesized compounds 

nd is uncorrected. 

.1. Pharmacological study 

.1.1. Antifungal study 

The antifungal activity was performed by the agar-well diffu- 

ion method [53-55] . DMSO was taken as the negative control and 

he Fluconazole as a standard reference. The tested compounds 

ere dissolved in DMSO to prepare a stock solution of concentra- 

ion 50 μg mL −1 . The diameter of the inhibition zone (DIZ) around 

ach well caused by the 50 μL of the test sample was measured in

m after the overnight incubation at 37 °C to determine the activ- 

ty of that compound and compared with the reference compound. 
8 
DNA binding studies: The invitro DNA binding studies were 

erformed on the Thermofisher Scientific EVOLUTION 300 UV–

is spectrophotometer. The hs-DNA (degraded free acid) was pur- 

hased from SRL (Sisco Research Laboratories Pvt. Ltd.). Absorption 

pectra were recorded ranging from 240 nm to 450 nm with in- 

reasing concentration of hs-DNA (from 0 to 2.7 × 10 −6 M). The 

 mM Tris–HCl/50 mM NaCl buffered medium was used for prepar- 

ng hs-DNA stock solution and protein-free nature of DNA was con- 

rmed by ratio obtained (1.8–1.9) of UV absorbance at 260 and 

80 nm. 

Molecular docking study: The crystal structure of the DNA 

odecamer (PDBID: 1BNA ) of sequenced (CGCGAATTCGCG) 2 and 

rystal structure of target enzyme Cytochrome P450 14 α-sterol 

emethylase (CYP51) from Mycobacterium tuberculosis in com- 

lex with fluconazole (PDBID: 1EA1 ) was downloaded in pdb 

ormat from the RCSB protein data bank ( www.rcsb.org ). The 

D structures of the ligand were drawn in CHEMSKETCH 

www.acdlabs.com) and energy minimization was done using 

PDBV software. Ligand preparation and receptor preparation 

as done using AutoDockTools-1.5.6 software. Gasteiger charges 

ere added, water was removed and polar hydrogens were 

dded. Ligand and receptor were saved in pdbqt format using 

utoDockTools-1.5.6 software. Docking was performed by using the 

utoDock 4.0 program open-source molecular docking software. 

isualization of the results was done using Discovery studio visu- 

lizer. [56] 

.1.2. General procedure for the synthesis of triazole derivatives 

4a-o) [33] 

In a 100 mL round bottom flask, 2-(4-(2- 

romoethoxy)phenyl)benzothiazole 2a (1.0 mmol) was taken in 

0 mL of THF: H 2 O (8:2, v/v) as solvent. To this solution sodium 

zide (1.2 mmol) was added and the reaction mixture stirred 

or a while at RT and further propargyl derivative 3a (1 mmol) 

long with CuSO 4 •5H 2 O (10 mol%) and Na-ascorbate (20 mol%) 

ere added and the reaction mixture was heated at 60 °C for 

 h. After the completion of the reaction as indicated by TLC, 

HF was evaporated under reduced pressure and deionized water 

30 mL) was added and ethyl acetate was used for extracting 

he compound in the organic phase. The organic layer was then 

ashed with ammonia solution, dried over sodium sulfate and 

vaporated over rotary to get the desired product. The crude was 

hen further purified by passing through a short band of silica 

olumn as the stationary phase using ethyl acetate: hexane as 

obile phase using increased polarity gradient and obtained 4a-o 

n good to better yields. 

2-(4-(2-(4-(phenoxymethyl) −1H-1,2,3-triazol-1-yl)ethoxy) 

henyl)benzothiazole ( 4a ): Off white solid, yield: 90%, m.p. 132–134 

C. FT IR (KBr, νmax /cm 

−1 ): 3143, 306 4, 296 4, 2873, 1600, 1487,

307, 1244 cm 

−1 . 1 H NMR (500 MHz, DMSO–d 6 ): δ = 4.54 (t, 

 = 5.08 Hz, 2H, CH 2 ), 4.85 (t, J = 5.04 Hz, 2H, CH 2 ), 5.17 (s, 2H,

H 2 ), 6.96 (m, 1H), 7.05 (dd, J = 8.27, 1.49 Hz, 2H), 7.11 (m, 2H),

.30 (m, 2H, Ar-H), 7.43 (m, 1H, Ar-H), 7.53 (m, 1H, Ar-H), 8.02 (m, 

H, 8.11 (dd, J = 7.98, 0.59 Hz, 1H, Ar-H), 8.35 (s, 1H, triazole-CH); 
3 C NMR (125 MHz, DMSO–d 6 ): δ = 48.90, 60.85, 66.36, 114.58, 

15.28, 120.74, 122.13, 122.44, 125.04, 125.08, 125.96, 126.46, 

28.80, 129.41, 134.19, 142.74, 153.57, 157.95, 160.22, 166.81. 

SI-MS [ M + H ] + : m/z cal. for C 24 H 21 N 4 O 2 S is 429.14, found

29.14. 

2-(4-(2-(4-((p-tolyloxy)methyl) −1H-1,2,3-triazol-1-yl)ethoxy) 

henyl)benzothiazole (4b) : Off-White solid, yield: 94%, m.p. 140–

42 °C. FT IR (KBr, νmax /cm 

−1 ): 3072, 2912, 2868, 1606, 1512, 

483, 1244, 1172 cm 

−1 . 1 H NMR (500 MHz, DMSO–d 6 ): δ = 2.23 

s, 3H, CH 3 ), 4.53 (t, J = 5.05 Hz, 2H, CH 2 ), 4.84 (t, J = 5.05 Hz,

H, CH 2 ), 5.12 (s, 2H, CH 2 ), 6.93 (m, 2H), 7.10 (m, 4H), 7.43 (td,

 = 7.65, 7.20, 1.17 Hz, 1H, Ar-H), 7.53 (m, 1H, Ar-H), 8.02 (dd, 

http://www.rcsb.org
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E

 = 8.68, 1.97 Hz, 3H, Ar-H), 8.11 (d, J = 7.15 Hz, 1H), 8.32 (s, 1H,

riazole-CH); 13 C NMR (125 MHz, DMSO–d 6 ): δ = 19.98, 48.87, 

0.92, 66.35, 114.44, 115.27, 122.12, 122.43, 124.96, 125.07, 125.94, 

26.45, 128.78, 129.37, 129.72, 134.17, 142.86, 153.56, 155.81, 

60.21, 166.79. ESI-MS [ M + H ] + : m/z cal. for C 25 H 23 N 4 O 2 S is

43.15, found 443.15. 

2-(4-(2-(4-((4-chlorophenoxy)methyl) −1H-1,2,3-triazol-1- 

l)ethoxy)phenyl)benzothiazole ( 4c ): Off- white solid, Yield: 85%, 

.p. 130–132 °C. FT-IR (KBr, νmax /cm 

−1 ) = 3088, 2941, 2875, 1606, 

490, 1240 cm 

−1 . 1 H NMR (500 MHz, DMSO–d 6 ): δ = 4.53 (t, 

 = 5.06 Hz, 2H, CH 2 ), 4.85 (t, J = 5.01 Hz, 2H, CH 2 ), 5.18 (s, 2H,

H 2 ), 7.09 (dd, J = 11.9 and 8.99 Hz, 4H, Ar-H),7.34 (m, 2H, Ar-H),

.43 (td, J = 7.69,7.28, 1.15 Hz, 1H, Ar-H), 7.53 (ddd, J = 8.29, 7.25,

.24 Hz, 1H, Ar-H), 8.03 (m, 3H, Ar-H), 8.11 (d, J = 7.50 Hz, 1H, Ar-

), 8.35 (s, 1H, triazole-CH); 13 C NMR (125 MHz, DMSO–d 6 ): δ = 

8.92, 61.25, 66.36, 115.27, 116.44, 122.13, 122.45, 124.49, 125.08, 

25.20, 125.97, 126.46, 128.80, 129.16, 134.20, 142.39, 153.57, 

56.76, 160.21, 166.81. ESI-MS ( m/z ) C 24 H 20 ClN 4 O 2 S: Calculated 

 M + H ] + : 463.10; Experimental: 463.09. 

1-(4-((1-(2-(4-(benzothiazol-2-yl)phenoxy)ethyl) −1H-1,2,3-triazol- 

-yl)methoxy)phenyl) ethan-1-one ( 4d ): Off White solid, Yield: 87%, 

.p. 138–140 °C. FT-IR (KBr, νmax /cm 

−1 ) = 3142, 2927, 2875, 1674, 

602, 1508, 1479, 1247, 1178 cm 

−1 . 1 H NMR (500 MHz, DMSO–d 6 ): 

= 2.54 (s, 3H, CH 3 ), 4.54 (t, J = 5.05 Hz, 2H, CH 2 ), 4.86 (t,

 = 4.97 Hz, 2H, CH 2 ), 5.28 (s, 2H, CH 2 ), 7.11 (m, 2H),7.16 (m, 2H),

.44 (m, 1H, Ar-H), 7.53 (ddd, 1H, J = 8.30, 7.18, 1.31 Hz Ar-H), 7.94

m, 2H), 8.02 (m, 3H, Ar-H), 8.12 (d, J = 7.72 Hz, 1H), 8.41 (s, 1H,

riazole-CH); 13 C NMR (125 MHz, DMSO–d 6 ): δ = 26.34, 48.95, 

1.21, 66.38, 114.49, 115.30, 122.15, 122.44, 125.10, 125.36, 125.96, 

26.47, 128.79, 130.04, 130.37, 134.19, 142.15, 153.57, 160.23, 161.75, 

66.80, 196.22. ESI-MS ( m/z ) C 26 H 23 N 4 O 3 S: Calculated [ M + H ] + :
71.15; Experimental: 471.15. 

2-(4-(2-(4-((4-nitrophenoxy)methyl) −1H-1,2,3-triazol-1-yl) 

thoxy)phenyl)benzothiazole ( 4e ): Light brown solid, Yield: 83%, 

.p. 122–124 °C. FT-IR (KBr, νmax /cm 

−1 ) = 3078, 2958, 2926, 

606, 1593, 1498, 1255, 1176, 1112 cm 

−1 . 1 H NMR (500 MHz, 

MSO–d 6 ): δ = 4.54 (t, 2H, CH2), 4.87 (t, 2H, CH 2 ), 5.36 (s, 2H,

H 2 ), 7.03 (d, J = 8.88 Hz,1H), 7.11 (d, J = 8.35 Hz, 2H), 7.28

d, J = 8.94 Hz, 1H, Ar-H), 7.44 (t, J = 7.30 Hz, 1H, Ar-H), 7.53

m, J = 7.28 Hz 1H, Ar-H), 8.02 (d, J = 6.93 Hz, 4H), 8.12 (d,

 = 8.18 Hz, 1H), 8.21 (d, J = 8.95 Hz, 1H, Ar-H, 8.45 (s, 1H,

riazole-CH); 13 C NMR (125 MHz, DMSO–d 6 ): δ = 48.97, 61.78, 

6.36, 115.26, 115.78, 122.12, 122.41, 125.07, 125.56, 125.73, 125.94, 

25.98, 126.44, 128.76, 134.17, 140.91, 141.65, 153.54, 160.19, 163.16, 

66.77. ESI- MS ( m/z ) C 24 H 20 N 5 O 4 S: Calculated [ M + H ] + : 474.12;

xperimental: 474.12. 

2-(4-(3-(4-(phenoxymethyl) −1H-1,2,3-triazol-1-yl)propoxy) 

henyl)benzothiazole ( 4f ): Light brown solid, Yield: 91%, m.p. 

08–110 °C. FT-IR (KBr, νmax /cm 

−1 ) = 3064, 3032, 2927, 2870, 

598, 14 85, 126 8, 1238, 1226, 1170 cm 

−1 . 1 H NMR (500 MHz,

DCl 3 ): δ = 2.33 (p, 2H, CH 2, J = 6.50 Hz), 4.08 (t, J = 6.00 Hz,

H, CH 2 ), 4.59 (t, J = 6.92 Hz, 2H, CH 2 ), 5.14 (s, 2H, CH 2 ), 6.95 (d,

 = 7.33 Hz,1H), 7.06 (m, 4H, Ar-H) 7.29 (dd, J = 8.69,7.36 Hz, 2H,

r-H), 7.42 (m, 1H, Ar-H), 7.52 (m, 1H, Ar-H), 8.01 (dd, J = 8.78, 

.79 Hz, 2H, Ar-H), 8.10 (d, 1H, Ar-H, J = 8.00 Hz), 8.31 (s, 1H,

riazole-CH); 13 C NMR (125 MHz, CDCl 3 ): δ = 29.26, 46.50, 60.92, 

4.84, 114.56, 115.11, 120.71, 122.10, 122.38, 124.57, 125.01, 125.57, 

25.01, 125.57, 126.42, 128.76, 129.40, 134.15, 142.68, 153.58, 

57.95, 160.75, 166.91. ESI-MS ( m/z ) C 25 H 23 N 4 O 2 S: Calculated: 

 M + H ] + :443.15; Experimental: 443.15. 

2-(4-(3-(4-((p-tolyloxy)methyl) −1H-1,2,3-triazol-1-yl)propoxy) 

henyl)benzothiazole ( 4g ): Off White solid, Yield: 93%, m.p. 134–

36 °C. FT-IR (KBr, νmax /cm 

−1 ) = 3089, 3032, 2958, 2922, 1606, 

512, 1483, 1242, 1176 cm 

−1 . 1 H NMR (500 MHz, CDCl 3 ): δ = 2.22

s, 3H, CH 3 ), 2.33 (m, 2H, CH 2 ), 4.08 (t, J = 6.01 Hz, 2H, CH 2 ), 4.57

t, J = 6.92 Hz, 2H, CH 2 ), 5.09(s, 2H, CH 2 ), 6.91 (m, 2H), 7.08 (m,
9 
H), 7.42 (td, J = 7.71, 7.29, 1.15 Hz, 1H, Ar-H), 7.52 (m, 1H, Ar-H),

.01 (m, 3H, Ar-H), 8.11 (dd, J = 7.97, 1.09 Hz, 1H,) 8.27 (s, 1H,

riazole-CH); 13 C NMR (125 MHz, CDCl 3 ): δ = 19.97, 29.24, 46.49, 

1.01, 64.84, 114.43, 115.12, 122.11, 122.38, 124.47, 125.02, 125.57, 

26.43, 128.76, 129.36, 129.71, 134.14, 142.81, 153.57, 155.83, 

60.75, 166.90. ESI-MS ( m/z ) C 26 H 24 N 4 O 2 S: Calculated [ M + H ] + :
57.17; Experimental: 457.16. 

2-(4-(3-(4-((4-chlorophenoxy)methyl) −1H-1,2,3-triazol-1-yl) 

ropoxy)phenyl)benzothiazole ( 4h ): Light brown solid, Yield: 83%, 

.p. 120–122 °C. FT-IR (KBr, νmax /cm 

−1 ) = 3057, 2960, 2922, 

873, 1604, 1489, 1433, 1236, 1172 cm 

−1 . 1 H NMR (500 MHz, 

DCl 3 ): δ = 2.34 (p, 2H, CH 2, J = 6.68 Hz), 4.09 (t, J = 5.97 Hz,

H, CH 2 ), 4.59 (t, J = 6.90 Hz, 2H, CH 2 ), 5.16 (s, 2H, CH 2 ),

.78 (m, 1H), 7.08 (dd, J = 8.95, 4.33 Hz 4H, Ar-H), 7.20 (m, 

H, Ar-H), 7.33 (m, 1H, Ar-H), 7.43 (m, 1H, Ar-H), 7.53 (m, 

H, Ar-H), 8.03 (m, 2H) 8.11 (d, 1H, Ar-H, J = 7.98 Hz) 8.30 

s, 1H, triazole-CH); 13 C NMR (125 MHz, CDCl 3 ): δ = 29.24, 

6.52, 61.32, 64.82, 115.09, 116.40, 116.82, 122.09, 122.38, 124.46, 

24.67, 124.81, 125.01, 125.58, 126.41, 128.76, 129.01, 129.13, 

34.15, 142.33, 153.57, 156.22, 156.77, 160.74, 166.89. ESI-MS 

 m/z ) C 25 H 22 ClN 4 O 2 S: Calculated [ M + H ] + : 477.12; Experimental:

77.11 

1-(4-((1-(3-(4-(benzothiazol-2-yl)phenoxy)propyl) −1H-1,2,3- 

riazol-4yl)methoxy)phenyl)ethan-1-one ( 4i ): Light brown solid, 

ield: 85%, m.p. 136–138 °C. FT-IR (KBr, νmax /cm 

−1 ) = 3055, 

958, 2918, 2850, 1670, 1600, 1483, 1361, 1247, 1180 cm 

−1 . 1 H 

MR (500 MHz, CDCl 3 ): δ = 2.35 (m, 2H, CH 2 ), 2.52 (s, 3H,

H 3 ), 4.10 (t, 2H, CH 2 ), 4.61 (t, J = 6.30 Hz, 2H, CH 2 ), 5.27 (s,

H, CH 2 ), 7.08 (d, 2H J = 8.27 Hz), 7.16 (d, 2H, J = 8.28 Hz),

.44 (t, 1H, Ar-H), 7.53 (t, 1H, Ar-H), 7.94 (d, J = 8,29 Hz, 2H,

r-H), 8.02 (d, 3H, Ar-H, J = 8.09 Hz), 8.12 (d, J = 7.74 Hz, 1H,

r-H), 8.37 (s, 1H, triazole-CH); 13 C NMR (125 MHz, CDCl 3 ): 

= 26.31, 29.24, 46.56, 61.28, 64.86, 114.45, 115.11, 122.37, 

24.85, 125.02, 125.56, 126.42, 128.76, 130.01, 130.35, 130.52, 

34.14, 142.09, 153.57, 160.74, 161.75, 166.90, 196.20. ESI- MS 

 m/z ) C 27 H 25 N 4 O 3 S: Calculated [ M + H ] + : 485.16; Experimental:

85.16. 

2-(4-(3-(4-((4-nitrophenoxy)methyl) −1H-1,2,3-triazol-1-yl) 

ropoxy)phenyl)benzothiazole ( 4j ): Light brown solid, Yield: 84%, 

.p. 140–142 °C. FT-IR (KBr, νmax /cm 

−1 ) = 3080, 2926, 2873, 

606, 1496, 1435, 1342, 1257, 1172, 1112 cm 

−1 . 1 H NMR (500 MHz, 

MSO- d 6 ): δ = 2.35 (m, J = 6.40 Hz, 2H, CH 2 ), 4.10 (t, J = 5.94 Hz,

H, CH 2 ), 4.61 (t, J = 6.90 Hz, 2H, CH 2 ), 5.34 (s, 2H, CH 2 ), 7.08

d, J = 8.83 Hz, 2H), 7.27 (d, 2H, J = 9.27 Hz, Ar-H), 7.43 (m, 1H,

r-H), 7.52 (m, 1H, Ar-H), 8.02 (d, J = 8.73 Hz, 3H, Ar-H), 8.11 (d,

 = 7.87 Hz 1H, Ar-H), 8.22 (d, J = 9.25 Hz, 2H, Ar-H), 8.36 (s,

H, triazole-CH); 13 CNMR (125 MHz, DMS0-d 6 ): δ = 29.24, 46.61, 

1.87, 64.85,115.09,115.22, 122.09, 122.39, 125.02, 125.59, 125.75, 

26.42, 128.76, 134.16, 140.93, 141.69, 153.58, 160.73, 163.18, 

66.89. ESI-MS ( m/z ) C 25 H 22 N 5 O 4 S: Calculated [ M + H ] + : 488.14;

xperimental: 488.13. 

2-(4-(4-(4-(phenoxymethyl) −1H-1,2,3-triazol-1-yl)butoxy) 

henyl)benzothiazole ( 4k ): Off White solid, Yield: 92%, m.p. 120–

22 °C. FT-IR (KBr, νmax /cm 

−1 ) = 3095, 2954, 2902, 2866, 1606, 

589, 1481, 1257, 1242, 1172 cm 

−1 . 1 HNMR (500 MHz, DMSO–d 6 ): 

= 1.73 (m, 2H, CH 2 ), 2.00 (m, 2H, CH 2 ), 4.09 (t, J = 6.32 Hz,

H, CH 2 ), 4.47(t, J = 7.05 Hz, 2H, CH 2 ), 5.14 (s, 2H, CH 2 ), 6.95

m, 1H, Ar-H), 7.04 (dd, J = 7.79 Hz and 1.01 Hz, 2H, Ar-H), 7.11

m, 2H, Ar-H), 7.29 (m, 2H, Ar-H), 7.43 (td, 1H, J = 7.70 Hz and

.29, 1.15 Hz, Ar-H), 7.52 (ddd, J = 8.29 Hz and 7.26 Hz, 1.25 Hz,

H,Ar-H), 8.03 (m, 2H, Ar-H), 8.11 (m, 1H), 8.27 (s, 1H, triazole-CH). 
3 CNMR (125 MHz, DMSO–d 6 ): δ = 25.50, 26.39, 49.00, 60.95, 

7.05, 114.59, 115.13, 120.73, 122.11, 122.38, 124.36, 125.01, 125.41, 

26.43, 128.78, 129.40, 134.15, 142.65, 153.60, 157.97, 160.98, 

66.96. ESI- MS ( m/z ) C 26 H 25 N 4 O 2 S: Calculated [ M + H ] + : 457.17;

xperimental: 457.16. 
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2-(4-(4-(4-((p-tolyloxy)methyl) −1H-1,2,3-triazol-1-yl)butoxy) 

henyl)benzothiazole ( 4l ): Off-White solid, yield: 90%, m.p.138–140 

C. FT IR (KBr, νmax /cm 

−1 ) = 3089, 3032, 2951, 2868, 1606, 1516, 

483, 1247, 1174 cm 

−1 . 1 HNMR (500 MHz, CDCl 3 ): δ = 2.01 (m, 

H, CH 2 ), 2.27 (m, 5H), 4.19 (t, 2H, CH 2 ), 4.47 (t, 2H, CH 2 ), 5.16 (s,

H, CH 2 ), 6.86 (d,2H), 6.98 (d,1H), 7.07 (d, 1H), 7.12 (t, 1H, Ar-H), 

.36 (t, 1H, Ar-H), 7.42 (t, 1H, Ar-H), 7.48 (t, 1H, Ar-H), 7.97 (d, 

H, Ar-H) 7.59 (s, 1H, triazole-CH), 8.08 (d, 1H, Ar-H) 8.52 (d, 1H, 

r-H); 13 C NMR (125 MHz, CDCl 3 ): δ = 20.0, 25.4 8, 26.38, 4 8.98,

1.04, 67.08, 114.46, 115.15, 122.13, 122.37, 124.36, 125.02, 125.40, 

26.44, 128.78, 129.38, 129.73, 134.14, 142.72, 153.59, 155.85, 

60.98, 166.98. ESI-MS [ M + H ] + : m/z cal. for C 27 H 28 N 4 O 2 S is

71.19, found 471.18. 

2-(4-(4-(4-((4-chlorophenoxy)methyl) −1H-1,2,3-triazol-1-yl) bu- 

oxy)phenyl)benzothiazole ( 4m ): Off- White solid, Yield: 86%, m.p. 

28–130 °C. FT-IR (KBr, νmax /cm 

−1 ) = 3091, 2953, 2902, 2866, 

608, 1492, 1481, 1247, 1172 cm 

−1 . 1 H NMR (500 MHz, CDCl 3 ): 

= 1.73 (m, 2H, CH 2 ), 2.01 (m, 2H, CH 2 ), 4.09 (t, J = 6.46 Hz,

H, CH 2 ), 4.47 (t, J = 7.04 Hz, 2H, CH 2 ), 5.14 (s, 2H, CH 2 ), 7.07

m, 4H, Ar-H), 7.33 (m, 2H, Ar-H), 7.44 (dd, 1H, Ar-H), 7.52 (m, 

H, Ar-H), 8.02 (m, 3H, Ar-H), 8.11 (m, 1H, Ar-H), 8.27 (s, 1H, 

riazole-CH); 13 CNMR (125 MHz, CDCl 3 ): δ = 25.48, 26.37, 49.00, 

1.35, 67.03, 115.12, 116.43, 122.10, 122.37, 124.46, 124.48, 125.01, 

25.41, 126.43, 128.77, 129.14, 134.14, 142.29, 153.59, 156.79, 16 

.96, 166.95. ESI-MS ( m/z ) C 26 H 24 ClN 4 O 2 S: Calculated [ M + H ] + :
91.13; Experimental: 491.12. 

1-(4-((1-(4-(4-(benzothiazol-2-yl)phenoxy)butyl) −1H-1,2,3-triazol- 

-yl)methoxy)phenyl) ethan-1-one ( 4n ): Light brown solid, Yield: 

5%, m.p. 138–140 °C. IR (KBr, νmax /cm 

−1 ) = 3095, 2960, 2872, 

6 80, 1597, 14 83, 1471, 1255, 1176 cm 

−1 . 1 HNMR (500 MHz, CDCl 3 ):

= 1.73 (m, 2H, CH 2 ), 1.91 (s, 3H, CH 3 ) 2.02 (m, 2H, CH 2 ), 4.09

t, J = 6.36 Hz, 2H, CH 2 ), 4.48 (t, J = 7.02 Hz, 2H, CH 2 ), 5.25 (s,

H, CH 2 ), 7.11 (m, 2H), 7.15 (m, 2H, Ar-H), 7.43 (m, 1H, Ar-H), 

.52 (m, 1H, Ar-H), 7.93 (m, 2H, Ar-H), 8.03 (d, J = 8.86 Hz, 

H, Ar-H) 8.11 (d, J = 8.06 Hz, 1H, Ar-H) 8.31 (s, 1H, triazole-

H); 13 CNMR (125 MHz, CDCl 3 ): δ = 20.66, 25.4 8, 26.31, 4 9.03, 

9.66, 67.03, 114.45, 115.13, 122.11, 122.37, 124.60, 125.02, 125.41, 

26.43, 128.77, 130.03, 130.35, 134.14, 142.07, 153.5 9, 160.96, 

61.76, 166.95, 170.25, 171.92, 196.20. ESI-MS ( m/z ) C 28 H 27 N 4 O 3 S:

alculated[ M + H ] + : 499.18; Experimental: 499.17. 

2-(4-(4-(4-((4-nitrophenoxy)methyl) −1H-1,2,3-triazol-1-yl) bu- 

oxy)phenyl)benzothiazoles ( 4o ): Light brown solid, Yield: 80%, 

.p. = 110–112 °C. FT-IR (KBr, νmax /cm 

−1 ) = 3078, 2945, 2927, 

868, 1608, 1595, 1512, 1496, 1257, 1111 cm 

−1 . 1 HNMR (500 MHz, 

DCl 3 ): δ = 1.74 (m, 2H, CH 2 ), 2.03 (m, 2H, CH 2 ), 4.09 (t,

 = 5.33 Hz, 2H, CH 2 ), 4.49 (t, J = 6.49 Hz, 2H, CH 2 ), 5.32 (s, 2H,

H 2 ), 6.94 (d, 1 H, Ar-H, J = 8.87 Hz), 7.10 (d, J = 8.27 Hz, 2H, Ar-

), 7.26 (d, J = 8.81 Hz, 2H, Ar-H), 7.42 (t, 1H, Ar-H, J = 7.27 Hz),

.52 (t, J = 7.29 Hz, 1H, Ar-H), 8.02 (d, J = 8.18 Hz, 3H, Ar-H)

.09 (d, J = 7.87 Hz, 1H, Ar-H), 8.21 (d, 1H, Ar-H, J = 8.74 Hz),

.32 (s, 1H, triazole-CH); 13 CNMR (125 MHz, CDCl 3 ): δ = 25.48, 

6.38, 49.07, 61.89, 67.02, 115.08, 115.20, 115.67, 122.05, 122.36, 

24.76, 124.97, 125.43, 125.72, 126.05, 126.38, 128.75, 134.14, 

40.94, 141.62, 153.59, 160.95, 163.19, 163.82, 166.92. ESI-MS ( m/z ) 

 26 H 24 N 5 O 4 S: Calculated [ M + H ] + : 502.15; Experimental: 502.14. 
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