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a b s t r a c t 

In the rapidly growing COVID-19 pandemic, designing of new drugs and evaluating their inhibitory ac- 

tion against main targets of corona virus could be an effective strategy to accelerate the drug discovery 

process and their efficacy towards corona virus disease. Herein, we design new bis-triazolyl probe for an 

investigation of inhibitory activity towards COVID-19 main protease by Molecular docking approach. The 

formulated compound has been thoroughly characterized by elemental analysis, NMR ( 1 H and 13 C) and 

complete structure elucidation was achieved via X-ray crystallography. Docking study reveals that newly 

synthesized compound confers good inhibitory response to COVID-19 main protease as supported by cal- 

culated docking score and binding energy. Strong hydrogen bonding and hydrophobic interactions of the 

newly synthesized compound with several important amino acids of the main protease also helps to ex- 

plain the potency of the compound to inhibit the main protease. We hope that the present study would 

help the researcher in the field of Medicinal chemistry and to develop potential drug against the novel 

corona virus. 

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

The ongoing outbreak of novel corona virus (COVID-19) pan- 

emic has claimed more than 2 million human lives worldwide 

nd has posed notable threat to international health and economy 

1–3] , but an effective therapeutic intervention has yet to be devel- 

ped. COVID-19 is caused by new corona virus called severe acute 

espiratory syndrome corona virus 2 (SARS-CoV-2) and was first 

eported in December 2019 in Wuhan City, China. The crisis has 

otivated the researchers from different fields of science towards 

accine finding against this novel disease. 

Drug designing in the pharmaceutical industry is largely based 

n the use of different organic moieties as a constructing unit be- 

ause it can provide novel libraries of biologically active molecules 

ith improved pharmacokinetic properties [4] . There are many 

eterocyclic ring structures, which have been designed in such a 

ay that their binding efficiency with the receptors increases af- 

er structural modifications [5–6] . One of the most requisite moi- 

ties is triazoles, which have been explored and still its scope is in- 

vitable. These are five-membered heterocyclic frameworks which 

an be readily obtained in good to excellent yield on the multi- 

ram scale by click chemistry via reaction of aryl/alkyl halides, 
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lkynes and sodium azide (NaN 3 ) under ambient conditions [7] . 

hese motifs are effective amide surrogates in bioactive molecules 

ecause of their strong dipole moments. Triazoles can also be used 

s a linker and shows bioisosteric effects on peptide linkage, aro- 

atic ring, double bonds and an imidazole ring. Some unique fea- 

ures like hydrogen bond formation, dipole–dipole and pi-stacking 

nteractions of triazole compounds have increased their impor- 

ance in the field of medicinal chemistry as they bind with the 

iological target with high affinity due to their improved solubil- 

ty. It has been an emerging area of interest for many researchers 

hroughout the globe owing to its immense pharmacological scope 

s it exhibits anti-HIV, anti-malarial, anticancer, antibacterial, an- 

ifungal, and anti-TB properties [8–14] . Some drugs currently in 

se are based on triazoles especially 1,2,3–triazole moiety such 

s anti-HIV agent TSAO, Cefatrizine (antibiotic), antibacterial agent 

azobactum, anti-TB agent I-A09 and anti cancer agent CIA [15] . 

urthermore, Pantane-3-yl group containing substances play a piv- 

tal role in drug chemistry and also have been reported to display 

otent binding inhibition activity against a corticotrophin-releasing 

actor 1 (CRF1) receptor and in vitro antagonistic activity, strong 

nti-proliferative activity against several tumor cell lines, including 

ulti-drug resistant phenotypes [16] . 

For many viruses, the protease enzyme plays a critical role in 

iral protein maturation by cleaning pro-proteins after their trans- 

ation into the host cell cytosol. As a result, viral proteases are of- 

https://doi.org/10.1016/j.molstruc.2021.131858
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2021.131858&domain=pdf
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Table 1 

Crystal data and structure refinement for compound 6. 

Identification code 6 

Empirical formula C 32 H 38 N 6 O 4 

Formula weight 570.68 

Temperature/K 298(2) 

Crystal system monoclinic 

Space group P2 1 /c 

a/ ̊A 5.498(3) 

b/ ̊A 20.526(4) 

c/ ̊A 13.2792(16) 

α/ ° 90 

β/ ° 93.06(3) 

γ / ° 90 

Volume/ ̊A [3] 1496.3(10) 

Z 2 

ρcalc g/cm [3] 1.267 

μ/mm 

-1 0.085 

F(000) 608.0 

Crystal size/mm 

3 0.19 × 0.15 × 0.08 

Radiation Mo K α ( λ = 0.71073) 

2 � range for data collection/ ° 6.458 to 46.542 

Index ranges −4 ≤ h ≤ 1, -15 ≤ k ≤ 13, -12 ≤ l ≤ 13 

Reflections collected 971 

Independent reflections 741 [R int = 0.0466, R sigma = 0.1137] 

Data/restraints/parameters 741/42/192 

Goodness-of-fit on F 2 1.053 

Final R indexes [ I > = 2 σ (I)] R 1 = 0.0971, wR 2 = 0.2457 

Final R indexes [all data] R 1 = 0.1374, wR 2 = 0.3035 

Largest diff. peak/hole / e ̊A −3 0.25/ −0.22 
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en potential drug targets [17] . The inhibition of viral protease can 

educe the assembly of mature viral particles. Molecular docking 

s one of the best and fast techniques in the scientific commu- 

ity for rational design of drugs. Docking addresses the binding 

etween drugs and proteins via active sites determination. Keeping 

he above perspectives in mind, herein, we report the synthesis, 

pectral characterization and crystal structure of new bis-triazolyl 

robe for an investigation of inhibitory activity towards COVID-19 

ain protease (M 

pro ) by Molecular docking approach. The formu- 

ated compound has been thoroughly characterized by elemental 

nalysis NMR ( 1 H and 

13 C) and complete structure elucidation was 

chieved via X-ray crystallography. 

The development of a candidate drug into an approved drug is 

 long and costly process. Hence, designing a drug molecule on the 

asis of selected important functional moieties and blind identifi- 

ation of their inhibitory activity against main viral protease with 

he help of computational methodologies such as molecular dock- 

ng, virtual screening and binding free energy evaluation serves as 

 promising alternative for identifying potential drug candidates to 

ombat COVID-19 pandemic. 

. Experimental section 

.1. Material and methods 

9-Bromopentane (Aldrich), 4-bromo-2-hydroxybenzaldehyde 

Aldrich), 1,2-dibromoethane (Avra), Sodium azide (Aldrich), 

ropargyl Bromide (80% in toluene, Aldrich), potassium carbonate 

Avra), dibromoethane (Aldrich), NaN 3 (Aldrich), bromotris (triph- 

nylphosphine) copper (I) (Sigma Aldrich) were used as received. 

olvent were purified and dried before use. 1 H and 

13 C NMR 

pectra were recorded on a JEOL (AL 400 MHz) spectrometer using 

DCl 3 as an internal reference and chemical shifts were reported 

elative to TMS, values are given in Hz. The FT-IR spectra were 

ecorded on a Thermo Scientific NICOLET IS50 spectrophotometer. 

elting points were measured in a Mel Temp II device using 

ealed capillaries and were uncorrected 

.2. X-ray diffraction analysis and data collection 

Single crystals of compound 6 suitable for X-ray diffraction 

ere obtained by slow evaporation from a saturated chloroform 

olution at room temperature. A suitable crystal was carefully 

elected under polarizing microscope in order to perform its 

tructural analysis by X-ray diffraction. Diffraction data were col- 

ected on a Super Nova, Single source at offset/far, HyPix30 0 0 

iffractometer. The crystal was kept at 298(2) K during data 

ollection, using Olex2 [18] . The structure was solved with the 

HELXT [19] structure solution program using direct methods and 

efined with the SHELXL [20] refinement package using Least 

quares minimization. The drawings were made with Diamond 

nd Mercury 4.0.0. Crystal Data for compound 6 C 32 H 38 N 6 O 4 

 M = 570.68 g/mol): monoclinic, space group P2 1 /c (no. 14), 

 = 5.498(3) Å, b = 20.526(4) Å, c = 13.2792(16) Å, β = 93.06(3) °,
 = 1496.3(10) Å 

3 , Z = 2, T = 298(2) K, μ(Mo K α) = 0.085

m 

−1 , Dcalc = 1.267 g/cm 

3 , 971 reflections measured (6.458 ° ≤
 � ≤ 46.542 °), 741 unique ( R int = 0.0466, R sigma = 0.1137) which 

ere used in all calculations. The final R 1 was 0.0972 ( I > 2 σ
I) and wR 2 was 0.3035 (all data). The goodness-of-fit was 1.0 0 0. 

CDC 2094938 contains the supplementary crystallographic data 

or compound 6 . Crystallographic parameters and basic informa- 

ion pertaining to data collection and structure refinement for the 

ompound are summarized in Table 1 . 
2 
.3. Synthesis 

Initially 3-bromopentane ( 1 ) was made to react with Zinc and 

ithium chloride in minimum amount of THF at 50 °C for 2 h 

ollowed by addition of 4-bromo-2-hydroxybenzaldehyde ( 2 ) and 

d(PPh 3 ) 4 and continued to stir for 10 h ( scheme 1 ). The reac-

ion was monitored by TLC and on complete consumption of start- 

ng materials, the resulting reaction mixture was allowed to cool 

nd filtered to get 2-hydroxy-4-(pentan-3-yl)benzaldehyde ( 3 ). Fur- 

her, compound 3 was dissolved in minimum amount of DMF 

long with 1.5 equiv of anhydrous K 2 CO 3 and allowed to react 

ith propargyl bromide, which was added slowly and allowed to 

tir at room temperature for 16 h to get 2-hydroxy-4-(pentan-3- 

l)benzaldehyde ( 4 ). The progress of the reaction was monitored 

y TLC. Finally, to get the desired product 6 , compound 4 was al- 

owed to react with diazidoethane ( 5 ) in presence of copper cat- 

lyst (10 mol%) using THF:TEA (1:1) as solvent. The crude prod- 

ct was further purified by column chromatography to get pure 

ompound 6 and thoroughly characterised by NMR and IR. 1,2- 

iazidoethane ( 5 ) was synthesized according to the reported lit- 

rature by reaction of 1,3-dibromopropane with sodium azide in 

MF [21] . 

NMR of compound 6 : Yield 96% (dark brown solid), Melting pt. 

9–101 °C. Anal. Calcd. For C 32 H 38 N 6 O 4 : C, 67.11; H, 7.04; N, 14.67;

ound: C, 67.11; H, 7.02; N, 14.50. IR (cm 

−1 ): 1660 (C 

= O), 1258

O 

–CH 2 ), 1560 (C 

= C), 2876, 2925, 2964 (CH). 1 H NMR (500 MHz, 

DCl 3 ): δ 1.19–1.22 (t, 12 H, J = 7.08), 2.88 (s, 2H), 3.41–3.44 (m, 

H), 4.9 (s, 4H), 5.2 (s, 4 H), 6.22–6.28 (m, 4H), 7.42 (s, 2H), 7.63–

.65 (d, 2H, J = 8.93), 10.01 (s, 2H); 13 C NMR (126 MHz, DMSO): 

190.97, 190.92, 162.84, 160.62, 142.07, 131,65, 129.82, 124.98, 

15.51, 114.54, 61.39, 55.74, 49.03, 39.42, 39.25. Experimental char- 

cterization of compound 6 is reported in supplementary informa- 

ion. 

.4. Molecular docking protocol 

Required PDB file for the crystal structure of COVID-19 main 

rotease (PDB ID: 6LU7) downloaded from Protein Data Bank 
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Scheme 1. Synthetic route for compound 6. 
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 https://www.rcsb.org ) and the Ligand (compound 6 ) for screen- 

ng was synthesized according to scheme 1 . The ligand was drawn 

n the Avogadro molecule editor, and then their stable structure 

btained by energy minimization with the MMFF94 Force Field 

nd converted into PDB format with the help of 3D-chemdraw. 

he 6LU7 protein structure was prepared by removing all water 

olecules, assignment of Gasteiger partial charges and adding po- 

ar hydrogen. Ligand position in Mpro protein was set at grid coor- 

inates x = −18.955, y = −5.188 and z = 8.617 Genetic algorithm 

GA) parameters were assigned at 100 GA run and population size 

f 150. Molecular docking calculations were performed by using 

utodock 4.2 with the aid of Auto Dock Tools 1.5.6 [22] . Docked 

tructures and the active sites inter-action were visualized by Dis- 

overy Studio Visualizer v20.1.0.19295 [23] . 

. Results and discussion 

.1. Synthesis and characterization 

A three step synthetic route, shown in scheme 1 , was employed 

o synthesize compound 6 . Firstly, 3-bromopentane ( 1 ) was made 

o undergo Negishi coupling with 4-bromo-2-hydroxybenzaldehyde 

 2 ) in THF to yield 2-hydroxy-4-(pentan-3-yl)benzaldehyde ( 3 ). The 

btained compound 3 was then stirred at room temperature with 

ropargyl bromide in DMF using potassium carbonate as base 

o give 2-hydroxy-4-(pentan-3-yl)benzaldehyde ( 4 ). Finally, desired 

roduct 6 was synthesized by reaction between compound 4 and 

,2-diazidoethane ( 5 ) using copper catalyst in THF: TEA (1:1). The 

tructure and purity of all the compounds were inferred from their 

nfrared and NMR ( 1 H and 

13 C) spectra. The FT-IR spectra of the 

ewly synthesized compounds were recorded as neat spectra in 

he range of 40 0 0–40 0 cm 

−1 . The absorption frequencies recorded 

ere found to be in close agreement with the structure of the 

ynthesized compounds. The typical bands observed for the car- 

onyl group appeared near 1660 cm 

−1 and 1258 cm 

−1 correspond- 

ng to OCH 2 . The absorption band for the aromatic C 

= C vibrations 

nd C 

–H stretching appears in the region of 150 0–160 0 cm 

−1 and

or alkyl chain C 

–H stretching gives a medium absorption band 

round 2850–2900 cm 

−1 and aromatic C 

–H stretching gives ab- 

orption band in the region of 3076–3060 cm 

−1 . The 1 H NMR spec- 

ra of compound 6 have demonstrated the symbolic peaks of alde- 

ydic (HC 

= O) protons at 10.01 ppm. Signals in the region of 6.22–

.28 ppm are assigned for aryl ring protons. Peak at 5.22 ppm are 
3 
ssigned for alkyl protons (-O-CH 2 -) and peak at 7.42 ppm are ob- 

erved for triazole ring protons. In 

13 C NMR spectra, peak corre- 

ponds to –C 

= O group at 190.97 ppm, peak at 142.07 ppm and 

28.04 ppm to the -C 

= C- of triazole ring and at 55.63 ppm to 

lkyl protons validate the product formation. Moreover, the aro- 

atic carbon peaks were seen in the region of 162.95 ppm to 

15.08 ppm. 

.2. Crystal structure 

Single crystal X-ray diffraction studies disclose that the com- 

ound 6 crystallized in monoclinic crystal system containing eight 

olecules per unit cell with P2 1 /c space group and has compara- 

le structure, as is evident from the bond angles and bond param- 

ters ( Table S2 ). Crystallographic data and structure determination 

arameters are summarized in Table 1 . The ORTEP diagram and 

tomic labeling for empirical formula C 32 H 38 N 6 O 4 ( 6 ) is shown in

ig. 1 (Thermal ellipsoid have been drawn at 40% probability level). 

n the molecules both the triazoles ring are in the parallel plane 

nd Pent-3-yl substituted aromatic ring assume to lie above and 

elow (anti-position) the plane at an angle of 112.57(13) ̊ with an 

xtended conformation which can be seen from the C1-O7-C8-C9 

orsion angles of 75.4(17) ̊. The pent-3-yl group in crystal structure 

ies in twisted conformation and the whole structure looks like a 

umbbell ( Fig. 2 ). 

In molecular lattice arrangement of compound 6 along a-axis, 

olecules are packed via strong intra-molecular hydrogen-bonding 

nteractions (N ••• H 

–C) 2.919 Å and 3.305 Å involving N10 and N11

f triazole ring with H20B of the pent-3-yl chain in the molecule 

 Fig. 3 , left). Furthermore, N10 of triazole ring of one molecule 

inked with H13 of the adjacent triazole ring of another molecule 

nd O7 of one molecule linked with the H21 of the adjacent pent- 

-yl chain of the another molecule via strong intermolecular hy- 

rogen bonding interaction (N ••• H 

–C) type 2.830 Å and (O ••• H 

–C)

.517 Å. Similarly O16 of the aldehyde group linked with the H18A 

nd H20A of pent-3-yl chain of another molecule via intermolecu- 

ar hydrogen bong type (O ••• H 

–C) 2.741 and 2.839 Å. Fig. 3 (right)

nd overall packing looks like plane sheet ( Fig. 4 ). 

Moreover, the pair of molecules in unit cell are joined by non- 

lassical interactions of (C 

–H ••• O) type between H15 of one moiety 

nd O7 of another moiety with bond length of 2.711 Å and O16 

f the carbonyl group with H8B of another molecules leading to a 

losed packing structure. 

https://www.rcsb.org
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Fig. 1. ORTEP diagram of compound 6 with thermal ellipsoids at 40% probability, selected bond length ( ̊A) and angle ( ̊) O7-C1 = 1.347(13), O7-C8 = 1.43(2), N11- 

N12 = 1.34(3), N12-C13 = 1.354(18), C15-C6 = 1.45(3), N12-C14 = 1.460(15), N10-C9 = 1.36(2), C1-O7-C8 = 118.7(13), N10-N11-N12 = 107.1(14), C13-N12-C14 = 127.4(17), 

O7-C1-C6 = 115.3(16), O7-C8-C9 = 112.7(13), C19-C18-C17 = 113.7(2). 

Fig. 2. (a) Packing arrangements of compound 6 in the unit cell along a-axis (b) Non-classical interactions and hydrogen bonding interaction with zoomed portion. 

3

g

c
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i

p

.3. Molecular docking study 

M 

pro also termed 3CL protease which is a potential drug tar- 

et for corona virus infections due to its essential role in pro- 

essing the poly-proteins that are translated from the viral RNA 
4 
nd mediates the maturation of functional polypeptides involved 

n the assembly of replication-transcription machinery [24] . M 

pro 

igests the poly-protein at no. less than 11 conserved sites, start- 

ng with the autolytic cleavage of this enzyme itself from pp1a and 

p1ab. In addition, M 

pro has no human homolog and is highly con- 
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Fig. 3. Left image shows intra-molecular hydrogen bonding (N ••• H 

–C); Right image shows inter-molecular hydrogen bonding between (N ••• H 

–C) and (O ••• H 

–C). 

Fig. 4. Molecular lattice arrangements for compound 6 along a-axis shows 

molecules are joined by non-classical interactions and strong molecular hydrogen 

bonding. 
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Fig. 5. Surface diagram of the main protease along with docked conformations for 

compound 6 (left); zoomed picture of compound interactions with cavity of protein 

surface (right). 
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erved among all corona-virus 25 . These above features make it an 

ttractive drug target against corona viruses. Therefore, in order 

o find out the binding conformation of synthesized compound 6 

ithin the active sites of main protease of COVID-19 and to obtain 

dditional validations for experimental results, molecular docking 

as performed. All single bonds were considered as rotatable and 

tness function was given as the score and all the calculations 

ere made by using standard default settings. After Docking sev- 

ral pose was saved for compound 6 out of them best are shown 

n Fig. 5 . 

The compound 6 was found to be most promising molecule 

nd neatly fits in the active site of protein making various hydro- 
5 
en bonding interactions through lone pair of hetero-atoms and pi- 

onds present in compound with the protein active site amino acid 

esidues including Sys156, Tyr154, Ile152, Phe8, Phe294, Asp295 

nd Arg298 shown in Fig. 6 a and 6 b with 3D and 2D diagrams

espectively. 

Visual inspection of the highly suitable pose of compound 6 re- 

ealed that the methyl part of the pent-3-yl and pi-bond in ben- 

ene ring shows strong interaction with oxygen of carboxyl group 

n the side chain of Ile152, Pro9, Tyr 154 and Phe294 respectively. 

oreover, nitrogen atom of triazole ring of the compound 6 is 

nteracting with Phe8 by strong hydrogen bonding and pi-anion 

nteractions between side chain carboxyl oxygen of Phe8. More- 

ver, carboxyl oxygen of compound 6 is interacting with Arg298 by 

trong hydrogen bonding interactions (O ••• H 

–N) shown in Fig. 6 . 

irected bonds between protein and ligand are drawn as black 

ashed lines and the interacting protein residues and the ligand 

re visualized as structure diagrams. Hydrophobic contacts are rep- 

esented more indirectly by means of spline sections highlighting 

he hydrophobic parts of the ligand and the label of the contacting 

mino acid. Fig. 7 b On the contrary, all interaction between com- 

ound 8 and the protein residues summarized in Table 2 a and 2 b. 

The binding energy (EB) of compound 6 was −6.43 kcal/mol 

ith rmsd value, 0.00. The more negative binding energy (EB) and 

maller value of inhibition constant (Ki) implies best docking score. 

ydrogen bonds are primary contributing factor in supporting the 

inding affinity of drugs with the receptor. Strong hydrogen bond- 

ng interaction represents a high binding capability between ligand 

nd protein which points toward the strong inhibitory activity of 
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Fig. 6. (a) 3D Interactions of compound 6 docked in active site of protease of COVID-19; (b) 2D diagram showing hydrogen bonding (green), pi-donor hydrogen bond (light 

green), pi-Alkyl interactions (light pink). 

Fig. 7. Interactions established after docking of compound 6 with 6lu7 Mpro protease; (a) Three dimensional representation of intermolecular interaction in complex (com- 

pound 6/6lu7) M 

pro ; (b) 2D plot showing both hydrogen and hydrophobic interactions. 

Table 2 

(a) Hydrophobic Interactions (b) Hydrogen Bonds of complex (compound 6/6lu7). 

2a. Hydrophobic Interactions 

Index Residue AA Distance Ligand Atom Protein Atom 

1 8A PHE 3.65 2903 80 

2 9A PRO 3.94 2900 90 

3 154A TYR 3.20 2925 1460 

4 294A PHE 3.64 2922 2771 

5 294A PHE 3.25 2923 2773 

2b. Hydrogen Bonds 

Index Residue AA Distance H-A Distance D-A Donor Angle Protein donor? Sidechain Donor Atom Acceptor Atom 

1 298A ARG 1.96 2.87 147.23 2813 [Ng + ] 2911 [O2] 

2 298A ARG 2.07 2.96 144.67 2807 [Ng + ] 2911 [O2] 
6 
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Table 3 

The binding affinity and docked structures of the synthesized compound 6 with main protease (6LU7) of COVID-19. 

Comp. Protein Compound Docked structure EB (Kcal/mol) Ki (uM) RMSD b Hydrogen bond ( ̊A) 

6 6LU7 −6.43 −51.19 0.00 ARG 298A 1.96 

ARG 298A 2.07 
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ynthesized compound 6 against the main protease of corona virus 

 Table 3 ). 

. Conclusion 

In summary, we have successfully synthesized a new bis- 

riazolyl probe via click chemistry. The synthesis is very simple, 

igh yielding and employs commercially available starting materi- 

ls. The molecular structure of the compound 6 is authenticated 

y single crystal X-ray diffraction analysis showing intra and inter- 

olecular hydrogen bonding which has great importance in many 

iological properties of the compound in medicinal chemistry. 

ocking analysis showed interactions of synthesized compound 

ith M 

pro of COVID-19 with binding affinity of −6.43 kcal/mol and 

oncludes that tested compound can serve as a potential M 

pro in- 

ibitor. In brief, the present work opens a promising approach to 

esign new drug and will probably be useful in molecular model- 

ng, drug designing and wider scope in medicinal chemistry. 
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