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a b s t r a c t 

The respiratory infection tuberculosis is caused by the bacteria Mycobacterium tuberculosis and its unre- 

lenting spread caused millions of deaths around the world. Hence, it is needed to explore potential and 

less toxic anti-tubercular drugs. In the present work, we report the synthesis and antitubercular activ- 

ity of four different (hydrazones 7–12, O-ethynyl oximes 19–24, triazoles 25–30, and isoxazoles 31–36) 

hybrids. Among these hybrids 9, 10, 33, and 34, displayed high antitubercular activity at 3.12 g/mL with 

> 90% of inhibitions. The hybrids also showed good docking energies between -6.8 and -7.8 kcal/mol. Fur- 

ther, most active molecules were assayed for their DNA gyrase reduction ability towards M. tuberculosis 

and E.coli DNA gyrase by the DNA supercoiling and ATPase gyrase assay methods. All four hybrids showed 

good IC50 values comparable to that of the reference drug. In addition, the targets were also predicted as 

a potential binder for papain-like protease (SARS CoV-2 PLpro) by molecular docking and a good interac- 

tion result was observed. Besides, all targets were predicted for their absorption, distribution, metabolism, 

and excretion - toxicity (ADMET) profile and found a significant amount of ADMET and bioavailability 

© 2023 Elsevier B.V. All rights reserved. 
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. Introduction 

Tuberculosis (TB) is an air-bone transferable and extremely ag- 

ressive disease caused by Mycobacterium Tuberculosis . Millions of 

eople have died globally as a result of it frequently infecting the 

ungs. Based on the World Health Organization (WHO) 2021 re- 

orts, 10.6 million people fell ill with in 2021, an increase of 4.5% 

rom 10.1 million in 2020 [1] . Many nations have been affected by 

uberculosis infections, but south-East Asia (45%), Africa (23%) and 

he Western Pacific (18%), countries have been particularly hard hit 

y the disease and TB-HIV co-morbidities [2] . Drug-resistant tu- 

erculosis (TB) and multidrug-resistant tuberculosis (MD-TB) are 
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revalent in practically every country on the globe, making the 

isease even more complicated to eradicate. The situation has been 

urther worsened for patients by the link between tuberculosis and 

IV/AIDS, particularly tuberculosis is the key for the death of HIV- 

ositive patients [ 3 , 4 ]. Due to these factors, the WHO estimates 

hat there are two million tuberculosis-related fatalities and eight 

illion new tuberculosis infections per year [1] . 

The present management of tuberculosis is a complex task be- 

ause of the lengthy medication term of 6 to 12 months and the 

ulti-drug-resistant (MDTB) response. The search for novel anti- 

uberculosis drugs with M. tubercul osis activity is one of the major 

reas of medicinal chemistry attention. Several techniques are now 

eing used to create new anti-tuberculosis drugs [5–8] . 

Likewise, the global disaster corona virus 2019–nCoV, com- 

only known as the COVID-19 corona virus, is at the forefront of 

veryone’s mind [9] . It has affected the lives and the work of peo- 

le around the world including researcher. Yet researchers are also 

https://doi.org/10.1016/j.molstruc.2023.135461
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2023.135461&domain=pdf
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Fig. 1. Tetrahydropyran containing natural products as drug. 

Fig. 2. Chemical structures of INH derivatives as drug. 
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t the forefront of the fight to understand, contain, treat, and fi- 

ally conquer the disease. Therefore, numerous research organiza- 

ions throughout the world are working to create brand-new, ex- 

remely powerful therapeutic treatments to combat this virus. In 

ilico analysis has identified some structural components as po- 

ential therapeutic targets [10–12] . Papain-like protease (known as 

rotease Mpro), spike protein and RNA-dependent RNA polymerase 

RdRp) are identified as the most promising targets so for [13–15] . 

Most of the commercial drugs have N, S and O containing het- 

rocyclic moieties and they are most sought pharmacophores for 

esigning new and efficient drugs. Among the medicinally im- 

ortant heterocyclic compounds, substituted tetrahydropyranone 

oiety is present in a vast number of bioactive natural com- 

ounds, and its synthesis has attracted a lot of interest recently 

16–19] . Some of the most commonly used pyranone drugs in 

edicine are diospongin B (anti-osteoporotic) [20] , lanomycinol (an- 

ifungal) [21] , aspergillide B (anti-cytotoxic) [22] and centrolobine 

anti-leishmanial) [23] ( Fig. 1 ). Similarly tetrahyidropyran-4-one 

nd its derivatives are used as antibacterial, antifungal, antituber- 

ulosis, analgesic, anti-inflammatory, antitumor, and COX-1/ −2 in- 

ibitors [24–29] . 

Isoniazid is used as one of the most effective and prime drugs 

n the treatment of tuberculosis. Numerous active antitubercular 

ompounds containing isoniazid nuclei are commonly found in the 
2 
iterature [30–33] . Such antitubercular agents either contain car- 

ohydrazide or a direct binder to the ring. Saluzide, Ftivazide , and 

udoterb ( Fig. 2 ) are promising tuberculosis drugs that contain an 

soniazid moiety [34] . 

Similarly, 1,2,3-triazoles have gained significant attention in 

he medicinal field owing to their unique and versatile nature. 

ufinamide (anticonvulsant drug), cefatrizine (antibiotic) and car- 

oxyamidotriazole (anticancer drug) are 1,2,3-triazole containing 

rug molecules available in markets, [35] , and have fascinat- 

ng biological activities such as antibacterial [36] , antifungal [37] , 

nticancer [38] , antitubercular [39] , antimalarial [40] larvicidal 

41] and anti-inflammatory [42] . On the other hand, isoxazoles are 

n important class of scaffolds because its widely present in bi- 

logically active natural products and have gained a considerable 

mount of attention due to their notable broad-spectrum of biolog- 

cal activities such as antimicrobial [43] , anticancer [44] , anti-HIV 

45] antituberculosis [46] and anti-inflammatory [47] . 

According to our observations and ongoing research on new an- 

imycobacterial agents [ 4 8 , 4 9 ], new compounds hydrazone, oxime 

ther, 1,2,3-triazole, and isoxazole hybridized with the pyranone 

ystem are thought to be worth synthesizing in order to pro- 

uce promising antitubercular and anti-SARS CoV-2 agents. In the 

resent work, we synthesize a new series of various tetrahydropy- 

anone scaffolds containing hydrazones, oxime ether, triazole, and 



N. Ravisankar, N. Sarathi, T. Maruthavanan et al. Journal of Molecular Structure 1285 (2023) 135461 

Scheme 1. Synthesis of target hydrazone compounds (7–12). 
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soxazole to evaluate their antimicrobial, antitubercular, in silico 

ARS-CoV-2, and DNA gyrase inhibition activities. Cytotoxicity as- 

ay, drug score, and bioactivity (pharmacokinetic) parameters were 

lso performed with the assistance of SwissADME and pkCSM- 

harmacokinetic web tools. 

. Results and discussion 

.1. Chemistry 

The synthesis of target hydrazone molecules (7–12) is illus- 

rated in Scheme 1 . The reaction was initiated by the syn- 

hesis of 2,6-diarytetrahydropyran-4-ones (1–6) according to the 

aitland–Japp procedure [50] . The starting molecule 3-alkyl-2,6- 

iaryltetrahydropyran-4-ones (1 and 2) were synthesized by cy- 

lization reaction of benzaldehyde with 2-butanone (for compound 

) in presence of KOH as a base in ethanol-water mixture stirred 

or 48-50 hrs [50] . The other one of the starting compounds, 3,5- 

imethyl-2,6-diaryltetrahydropyran-4-ones (3–6), was also synthe- 

ized by cyclization of substituted benzaldehyde with 3-pentanon 

n presence of KOH, stirred for 2–96 hrs [50] . 

The target hydrazones (7–12) were synthesized by condensing 

NH with the 2,6-diaryltetrahydropyran-4-ones (1–6) in the pres- 

nce of 0.5 mL of acetic acid. The reaction was carried out by re-

uxing in methanol, and the target hydrazones (7–12) were ob- 

ained according to the previously reported method [51] . 

Meanwhile, a series of 1,2,3-triazol derivatives (25–30) were 

ynthesized as click reaction, reported in the literature [52] . In the 

rst step, 2,6-diaryltetrahydro-4H-pyran-4-ones (1–6) were con- 

erted into oximes (13–18) by treating them with hydroxylamine 

ydrochloride in methanol using sodium acetate anhydrous in cat- 

lytic amount, under reflux for 2-12 h. In the second step, the 

ximes were converted to their corresponding O-ethynyl oximes 

19–24) by treating with propargyl bromide and sodium hydride 

n THF yield compounds (19–24). 

Finally, oxime ether (25–30) were synthesized by the reaction 

f benzyl azide with pyranone oxime O-propargyl ether by Cu(II)- 

atalyzed Huisgen-Sharpless-Meldal[3 + 2] dipolar azide-alkyne 

ycloaddition (CuAAC) reaction. Similarly, the isoxazole derivatives 

31–36) were synthesized in good yield by cycloaddition reaction 

f O-ethynyl oximes (19–24) with oxime in presence of sodium 

scorbate and copper(II)sulfate pentahydrate ( Scheme-2 ). 
3 
The synthesized hybrid structures were assigned based on spec- 

ral data. In the FT-IR spectra of hydrazones 7–12 showed the char- 

cteristics absorption bands C 

= O, C 

= N and amide NH functions at 

heir expected regions. The spectra of the target hydrazones ex- 

ibited C 

= O band at 1665–1675 cm 

−1 , band centered around 3100 

m 

−1 is attributed to the νN –H and the νC 

= N groups of hydrazone 

inkage also display absorption band around 1536 cm 

−1 . In the tri- 

zole compounds the band appeared at 3142 cm 

−1 is due to = C 

–H

tretching frequency of triazole ring. 

In the 1 H NMR spectrum, the amide NH proton (NH 

–CO) ap- 

eared as singlet at δ = 10.92 ppm with one proton integral. 

here are two doublets at δ = 4.23 ppm ( J 2a,3a = 10.5 Hz) and

= 4.65 ppm ( J 5a,6a = 10.5 Hz) corresponding to benzylic pro- 

ons of H2a and H6a in pyranone ring, a sextet at δ = 3.25 ppm 

orresponding to methylene proton at H-3. There is a doublet at 

= 3.91 ppm ( J 5a,5e = 12.8 Hz) and triplet at δ = 2.85 ppm corre-

ponding to H5e and H5a proton. The pyridine H- α and H- β pro- 

ons have appeared as doublet at δ= 8.69 and δ= 7.70 ppm re- 

pectively. The aromatic protons appear as multiplets in the re- 

ion of δ = 7.20 – 7.33 ppm. From the observed large vicinal 

oupling constant indicate that the compounds 7 and 8 exist in 

hair conformation with phenyl group equatorial orientations at 

2 and C6. In the case of 3,5-dimethyl substituted compounds 

9–12) the vicinal coupling constant J 6a ,5a = 2.0 Hz and diax- 

al coupling constant J 2a ,3a = 10.0 Hz. These observations indi- 

ate that these compounds also adopt chair conformation. In the 

riazoles the methine proton of triazole C-4 appeared as a sin- 

let at 7.22 ppm equivalent to one proton, which is confirmed 

he triazole formation. The appearance of the requisite number 

f absorptions in its 13 C NMR spectrum further confirmed the 

ssigned structure. This is further confirmed by its mass spec- 

ral data whereas a mass peak of 395.18 ( m + 1) was observed 

hich is in accordance with its molecular formula C 24 H 23 N 3 O 2 of 

ompound 7. 

The 1,2,3-triazole 25–30 structures were unambiguously con- 

rmed on the basis of their spectral data. In the IR spectra the 

xime ether linkage of triazole (C 

= N) stretching appeared at 1630–

640 cm 

−1 . In the 1 H NMR spectra the singlet appeared at 7.20–

.26 ppm assignment as the triazole H-4 proton. In the 13 C NMR 

pectra the signals at δ 142.90 and δ 119.34 ppm attributed to C-4 

nd C5 carbons of the 1,2,3-triazole ring. All the remaining com- 

ounds had satisfactory spectral characteristic based on NMR spec- 
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Scheme 2. Synthesis of compounds (19–36). 
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ra. Details of the NMR data are given in experimental section. Fi- 

ally, the mass spectra were reported for all compounds and the 

eaks observed with mass values ( M + H ) + confirmed the forma- 

ion of the products. (Mass spectrum of selected compounds given 

n supplementary) 

.2. Ntimicrobial activities 

All the target molecules were tested for their in vitro antibacte- 

ial and antifungal activities against S. aureus (MTCC-96), B. subtilis 

MTCC-121), E. coli (MTCC-443), P. aeruginosa (MTCC-741), K. pneu- 

onia (MTCC2272) and C. albicans, A.niger, Rhizopusspecies, A. flavus 

nd the results were given the Table 1 . The primary antimicrobial 

ssay was carried out using the agar diffusion assay method [53] . 

or bacterial and fungal activity Streptomycin and Amphotericin - 

 were used as standard drug respectively. The tested molecules 
4

howed a various degree of antimicrobial activity compared to the 

icroorganisms tested. 

All the compounds showed their antibacterial activity varying 

rom 6.25 – 50 μg/mL. Compounds 7 and 8 exhibited excellent in- 

ibitory activity against E. coli with MIC of 6.3 μg/mL. The com- 

ounds 7, 8 and 10 exhibited good activity against K. pneumoniae 

acterial strain with MIC of 12.5 μg/mL. The unsubstituted com- 

ounds of the phenyl group showed good activity (6.25 μg/mL) 

gainst E.coli and fair activity against S. aureus. Besides, the intro- 

uction of chloro and bromo substituent in the phenyl rings at the 

ara position does not show any significant improvement in their 

ctivity. 

All the oxime ethers reveled significant activity against S. au- 

eus , especially compounds 20 and 23 with an MIC of 12.5 μg/mL, 

xhibited fourfold more activity than compared to the standard 

rug. 
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Table 1 

In vitro anti-bacterial and anti-fungal activities of 7–12 & 19–36 in μg/mL. 

Com.ds B. subtilius S. aureus K. pneumoniae E. coli P. aeruginosa C. albicans A. niger A .flavus Rhizopus sp 

7 12.5 25 12.5 6.3 12.5 25 50 12.5 25 

8 6.3 50 12.5 6.3 25 25 25 25 12.5 

9 12.5 25 50 12.5 25 100 25 100 50 

10 25 50 12.5 12.5 6.3 100 50 100 100 

11 25 12.5 25 12.5 25 50 50 25 50 

12 25 50 25 50 100 25 25 12.5 50 

19 25 50 25 50 100 100 50 100 100 

20 25 12.5 25 12.5 25 100 25 100 50 

21 12.5 25 50 12.5 25 25 25 25 100 

22 25 50 12.5 12.5 6.3 50 6.3 6.3 50 

23 25 12.5 25 12.5 25 100 25 100 50 

24 25 50 25 50 100 100 50 100 100 

25 50 25 12.5 25 12.5 25 50 12.5 25 

26 25 50 12.5 12.5 25 6.3 25 6.3 12.5 

27 50 25 50 6.3 25 3.2 25 25 3.2 

28 12.5 25 12.5 6.3 6.3 25 6.3 6.3 3.2 

29 50 12.5 25 12.5 25 25 12.5 100 25 

30 25 50 25 50 100 25 12.5 100 50 

31 12.5 25 12.5 12.5 12.5 25 50 12.5 25 

32 12.5 50 12.5 25 25 25 25 6.3 12.5 

33 6.3 6.3 50 25 25 100 25 12.5 100 

34 6.3 12.5 12.5 12.5 6.3 100 50 50 100 

35 12.5 12.5 25 25 25 25 25 25 50 

36 50 50 25 25 100 25 6.3 6.3 50 

SD 

a 25 50 50 12.5 25 – – - - 

SD 

b - - - - - 25 50 50 25 

SD a : Streptomycin; SD b : Amphotericin- B. 
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In triazoles, the compound 27 showed very good inhibitory ac- 

ivity against E. coli with the MIC of 6.3 μg/mL. In the case of K.

neumoniae, compounds 25, 26 and 28 exhibited potent activity 

hich is four-fold more inhibitory activity than that of standard 

rug. Similarly, in the case E. coli compounds 27 and 28 found to 

wo-fold more inhibitory activity than Streptomycin. Compound 28 

howed superior antibacterial activity against all of the bacterial 

athogens compared to other compounds. The presence of bromo 

roup on the phenyl ring, play an important role in increasing the 

ntibacterial activity of these molecule. 

The isoxazole analogs (31–36) showed good antibacterial activ- 

ty against the tested bacterial strains especially, for B. substilies, 

. coli and P. aeruginasa . For bacteria B. substilius , it can be seen

hat the compounds 33 and 34 shows excellent inhibitory activity 

ith MIC of 6.3 μg/mL, which is four-fold time higher potent than 

he standard drug. However, the compounds 31, 32 and 35 showed 

nhibitory activity with MIC value 12.5 μg/mL, which is two-fold 

igher potent than the standard drug. In the cause of B. subtilius 

ll compounds (except 36) showed good inhibitory activity when 

ompared to Streptomycin (Fig. S8). 

Most the compounds exhibited better inhibition activity against 

. subtilius than other bacteria’s. Particularly, the isoxazole hybrids 

31–36) exhibited potent antibacterial activity which is higher than 

hat of the standard drug. At the same time, the antibacterial activ- 

ty is reduced when the isoxazole hybrid is replaced with triazole 

r oxime ether. 

The in vitro antifungal activity of the target hybrids was deter- 

ined according the NCCL protocols and the obtained results are 

iven in Table 1 with the MIC range from 3.2 to 100 μg/mL (Fig.

44 & 45). Antifungal assay showed that some of the compounds 

ave excellent inhibition against the tested fungal strains com- 

ared to standard drug Amphotericin-B in the hydrazone analogues 

1 and 12 showed potent activities against all the four tested fun- 

al strains. It may be due to the presence of electron donating 

OCH 3 ) groups on the phenyl ring. In the triazole analogues, com- 

ounds 27 and 28 exhibited superior antifungal activity against 

he fungal pathogen such as Rhizopus sp . Compounds 29 and 30 

howed good antifungal activities against the A. niger, and com- 
9

5 
ound 28 exhibit good antifungal activities against all the fungal 

trains (except C. albicans ). These facts may be explained by the 

resence of electrons withdrawing group on the phenyl ring. 

In the oxazole analogues, compound 32 showed good antifungal 

ctivity against A.flavus and compound 36 showed very good anti- 

ungal activity against A.niger and A.flavus strains. It may be due 

o the presence of electrons donating groups on the phenyl ring. 

t the same time the other compounds were failed to show good 

nhibitory activity. 

To determine the possible structure-activity relationship 

Fig.S47) between antimicrobials, the inhibition effects and 

inimum inhibitory concentrations (MICs) of all investigated 

ompounds against nine targeted microbial species were assessed. 

i) In hydrazone analogues, the unsubstituted phenyl ring led to 

increased antibacterial and antifungal activities, due to the sol- 

ubility of these compounds were high when compared to other 

compounds, 

ii) In the oxime ether, triazole and isoxazole analogues, the elec- 

tron withdrawing groups on the phenyl rings, led to increased 

antibacterial activity. The increased order of antibacterial activ- 

ity was Br > Cl > OCH 3 > CH 3 . 

ii) In the isoxazole analogues, the electron donating groups on the 

phenyl ring, led to increased antifungal activity. The increased 

order of antifungal activity was OCH 3 > CH 3 > Cl > Br. 

v) Triazole moiety containing compounds (25–30) exhibited very 

good antifungal activity. 

.3. Mycobacterium tuberculosis activity 

Since the compounds have shown good potent antibacterial ca- 

abilities, we expanded our investigation to assess their antituber- 

ular efficacy. All the lead molecules were investigated for their in 

itro antitubercular activity against the Mycobacterium tuberculosis 

 37 Rv in a Resazurin Assay method [54] . 

The first-line antitubercular medicines, isoniazid and ethamb- 

tol, were used as reference drugs for the primary screening, at 

he concentration of 6.5 mg/mL. The molecules that had more than 

0% inhibitions in primary screening were further investigated for 
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Table 2 

In vitro anti-mycobacterial activity of the newly synthesized compounds (7–12 & 19–36) against M. tb H 37 Rv. 

Compound MIC (μg/ml) a % Inhibition IC50 (μg/mL) SI CLogP b Docking Score (kcal/mol) 

7 6.25 73 – 4.09 −9.5 

8 3.12 70 486.2 155.8 4.54 −8.9 

9 1.56 90 563.5 361.22 5.57 −10.8 

10 0.78 95 513.9 658.84 5.81 −9.6 

11 3.12 76 587.6 188.33 4.36 −7.9 

12 3.12 70 609.1 195.22 4.22 −8.4 

25 6.25 75 – – 5.67 −7.1 

26 6.25 70 – – 6.06 −7.8 

27 6.25 75 – – 7.23 −8.9 

28 3.12 89 316.8 101.54 7.44 −8.7 

29 6.25 76 – – 6.54 −6.9 

30 13.5 80 – – 5.94 −7.1 

31 6.25 90 – – 7.40 −8.8 

32 6.25 91 – – 7.79 −9.2 

33 3.12 95 475.5 152.40 8.95 −13.6 

34 3.12 92 489.2 156.79 9.17 −13.2 

35 6.25 82 – – 8.26 −9.8 

36 6.25 75 – – 7.66 −9.9 

INH 0.1 > 95 – – −0.67 

PZA 6.25 > 90 – – −0.68 

EMB 1.56 > 95 – – 0.12 

cCompounds 19–24 doesn’t show any Anti-mycobacterial activity. 
a MIC values tested at neutral pH. 
b ogP (lipophilicity) calculated using “Osiris DataWarrior” software. 

Fig. 3. Activity profile of the most active compounds against M. tuberculosis in the Nutrient starvation method. 
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econdary screening, that is, determination of MIC against M. tu- 

ercul osis H 37 Rv and the anti-tuberculosis activity of all the com- 

ounds was given in Table 2 . 

The obtained MIC value reveals that most of the molecules 

ere identified to be strong inhibitors of M. tubercul osis, partic- 

larly promising inhibition was seen in hydrazone hybrids with 

IC values ≤ 6.25 g/mL. Example compound 10 has shown very 

ood antitubercular activity at 0.78 μg/mL. Also, compound 9 was 

hown to be four times more active than PZA and as active as EMB. 

ompounds 8, 11, and 12 have good action that is twice as po- 

ent as PZA (MIC = 3.12 g/mL). Finally, compound 7 showed mod- 

rate activity with 6.25 μg/mL, which is still within PZA’s range. 

n the 1,2,3-triazole group’s compound 28 inhibits the growth of 

he M. tubercul osis H 37 Rv strain by 89% at 3.12 μg/mL. The ob-

ained% inhibition showed that the 1,2,3-triazoles were found to 

e low active than the hydrazones against M. tubercul osis H 37 Rv. 

nterestingly, the isoxazole compounds revealed good to excellent 

nhibitory activity against M. tuberculosis at the concentration of 

.12 to 6.25 μg/mL. Compounds 33 and 34 showed > 90% inhibition 

t 3.12 μg/mL and more active than 35 and 36. It indicates that 

he substituent’s in the phenyl ring at position 4 have influences 

n the activity and the derivatives with electron withdrawing like 

hloro and bromo groups are more potential than the electron do- 

ating derivates (Br > Cl > OCH = CH ). 
3 3 

6

.4. Nutrient starvation model of M. tuberculosis H 37 Rv 

In the treatment of tuberculosis, the first line drugs are able 

o clear mycobacterium tuberculosis, but they failed to control the 

pread of the bacteria. It shows these first line drugs are not suc- 

eed to killing of inactive or persistent bacteria, which can undergo 

xygen as supplement deprived condition. So, the M. tubercul osis 

acterial cultures were grown for seven days in nutrient-rich me- 

ia and then starved for six weeks in phosphate buffer saline (PBS). 

he most potent hybrids were treated with bacterial culture at 

oncentrations of 1 and 10 mg/mL. The obtained results are given 

n Fig. 3 and revealed that the hybrids 9, 10, and 34 have good in-

ibition in their growth with a log reduction of 4.3, 3.4, and 2.6, 

espectively, at 10 mg/mL. When compared to other hybrids, the 

ew isoxazole hybrid significantly inhibited M. tuberculosis growth 

uring nutrient deprivation. 

.5. DNA gyrase inhibition activity 

Further, the most active compounds 9, 10, 33 and 34 were as- 

ayed for their ability of bacterial / M. tubercul osis DNA gyrase in- 

ibition by DNA supercoiling and ATPase gyrase inhibition methods 

 Table 3 ). DNA gyrase is an II topoisomerase in the mycobacterium 

uberculosis genome and it is an extremely attractive feature in 
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Table 3 

In vitro DNA gyrase assays of compounds 9, 10, 33 and 34. 

Compounds 

E.coli DNA gyrase (μM) M. Tb DNA gyrase (μM) 

Supercoiling assay ATPase assay Supercoiling assay ATPase assay 

9 15.43 4.76 6.25 5.16 

10 16.15 4.98 6.25 5.76 

33 10.94 4.12 18.67 9.87 

34 12.98 5.87 19.25 10.53 

Ciprofloxacin 14.8 5.77 

Novobiocin 3.98 7.92 

Fig. 4. Molecular docking of compound 9 with M. tubercul osis DNA gyrase active site. 
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rug detection, making the enzyme more liable to inhibition. DNA 

yrase has two territory units, Gyr-A provides the notching and re- 

ealing of the DNA and Gyr-B promotes ATP hydrolysis which helps 

ith DNA supercoiling. 

The E.coli DNA gyrase supercoiling and ATPase activity re- 

ealed that all the four hybrids have good reduction of both 

NA gyrase supercoiling and DNA gyrase ATPase activity. Com- 

ound 33 exhibited excellent DNA gyrase supercoiling inhibitory 

ctivity (IC 50 = 10.94 μM) than the reference drug ciprofloxacin 

IC 50 = 14.80 μM), and compounds 9, 10 and 34 showed compa- 

able activity with reference drug. The ATPase inhibitory activity 

f compound 33 (IC 50 = 4.12 μM) and novobiocin were very close 

nd the remaining hybrids had lower than the standard drug. 

On other hand, the chloro and bromo substituted hydrazones 9 

nd 10 were favorable for the effective 67.3% and 50.7% M. tuber- 

ulosis DNA gyrase supercoiling inhibition at 6.25 μg/mL and very 

oor inhibition of the remaining compounds. Obviously, bacterial 

NA gyrases were more sensitive to the isoxazole derivatives 33 

nd 34 than hydrazone derivatives. On another hand, hydrazone 

erivatives 9 and 10 were more active to M. tuberculosis DNA gy- 

ase than isoxazoles. 

.5.1. In silico study of M. tuberculosis DNA gyrase 

The interactions between the most active compound 9 and M. 

ubercul osis DNA gyrase were investigated by molecular docking. 

he X-ray crystallographic structure of InhA bound with novobiocin 

as obtained from the protein Data Bank. The predicted binding 
7 
ode of 9 in the M. tubercul osis DNA gyrase active site is shown 

n Fig. 4 . (Supplementary Fig. S4 8,4 9). The pyridine (Isoniazid unit) 

ing shows weak van der Waals interactions with the neighboring 

LA214. In addition, other favorable interaction associates are de- 

ected between 9 molecule GyrB residues PHE290, VAL339, ALA238 

nd LYS255. These favorable interactions produce in a good affinity 

f 9, with GyrB. 

.6. Cytotoxicity study 

The compounds showing good anti-tubercular activity (8–12, 

8, 33 and 34) with MIC values ≤ 6.25 μg/mL were further 

creened for their cytotoxicity assay against peripheral blood 

ononuclear cells (PBMC) by MTT assay [55] . Its main applica- 

ion is to assess the cell counting (viability) and the proliferation of 

ells. It can also be used to determine the cytotoxicity of medicinal 

gents and toxic materials because those agents would stimulate or 

nhibit cell viability and growth [56] . Table 2 shows the cytotoxic- 

ty results of the tested compounds expressed as inhibitory values 

IC50 in μg/mL). IC50 values for the tested compounds varied from 

16.8 to 609.1 μg/mL, which revealed they had very low cytotoxic- 

ty. Also, it showed that M. tubercul osis is more specifically targeted 

y the active compounds than healthy human cells. 

.7. Selectivity index 

Selectivity Index (SI) is a ratio of IC 50 /MIC. The molecules 

osses a higher SI, that the molecules can be used as a therapeutic 
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Fig. 5. Hydrogen bond interaction with Try158 and hydrophobic interactions with NAD, Gly96, Phe97, Ala157, Met155, Pro156, Ile215 and Leu218 of compound 10. 
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gent [57] . In our study, compounds 9 and 10 had a high SI value,

hich indicates they would be good inhibitors of M. tubercul osis 

nd may be useful for the growth of new and effective antituber- 

ular drug and must be assessed further. 

.8. Molecular docking 

Structure-based molecular docking is one of the effective meth- 

ds in the drug discovery process that produce the conforma- 

ions of small compounds in protein binding sites and score the 

ssumed protein-ligand complexes based on their binding affini- 

ies. The main advantage of docking was to focus on specific core 

rotein-ligand interaction. The X-ray crystallographic structure of 

nhA (PDB ID: 3FNG) bound with triclosan was obtained from the 

rotein Data Bank (Catalyst, Version 4.10) at a resolution of 1.97A 

as used or the docking calculations. Discovery studio v2.5 (DS, 

ccelrys Inc., San Diego, CA, USA)/ Ligand Fit module was used to 

nd the accurate orientation of ligands into protein active sites. All 

he target molecules and the co-crystals molecules were docked 

n the active site of the InhA. Top ten poses were generated for 

ach ligand and the best conformer of each of the ligand-receptor 

omplexes was selected based on the critical interactions and dock 

core. Before analyzing the molecular docking result of the syn- 

hesized compound, we validated the docking procedure by dock- 

ng the triclosan molecules into the active site of the protein InhA. 

The pose which have a good dock score and shown all the critical 

nteractions with the active amino acids was superimposed with 

he bound triclosan it shows RMSD value of 0.7 Å (Fig. S51). De- 

ending on the above result we can confirm that our docking pro- 

edure was able to reproduce the suitable binding orientation of 

he ligand which can inhibit the InhA activity. Hence dock score 

as used to sort out the good inhibitors from our synthesized 

ompounds. 

The compounds 10, 33 and 34 have the highest dock score value 

f more than −10.0 kcal/mol, all other molecules have the docking 

core less than −9.0 kcal/mol. DS was used to visualize the favor- 

ble interactions of these molecules with critical residues present 

n the active site of InhA. These molecules show good hydrogen 

ond interaction with Try158 or Met98 and hydrophobic interac- 
8 
ions with NAD, Gly96, Phe96, Ala197, Met198, Pro156, Ile215 and 

eu218 (Fig. S52). On the other hand, the other compounds showed 

eak inhibitory activity failed to show the necessary interactions 

ith the critical residues. Fig. 5 shows that compound 10 estab- 

ishes hydrogen bonds with the critical amino acids like Met98 and 

he97 and other compounds also shows same like interaction with 

he Met98 and NAD. It should be pointed out that the co-crystal 

tructure of InhA also shows an important hydrogen bond with the 

esidue Met98 and Phe97 in the same ligand-binding domain. 

.9. Target predictions 

The bio-/Chem informatics approaches can be used to estab- 

ish the most probable targets and efficient of the molecules. The 

ost probable protein targets of the hybrids could predict by the 

wissTarget online web tool. All the hybrids were predicted for 

heir probable protein targets. All the chloro and bromo substituted 

ybrids have high percentage of probability binding with fam- 

ly A-G protein coupled receptor and electrochemical transporter. 

n same time the oxime ether hybrids have the highest ( > 50%) 

inding with of family A-G protein coupled receptor alone. In the 

ase of triazole and isoxazole hybrids, the isoxazole hybrid showed 

he highest ( > 25%) probability of binding with enzyme receptors 

 Fig. 6 ). 

. Molecular docking SARS-CoV-2 

The molecular docking study of newly synthesized hybrids with 

he Papain like protease (PDB: 3MJ5) was carried out ( Fig. 7 ) and

ll the compounds exhibit negative binding energy, which shows 

hat the hybrids interact well with the PLpro active site. In fact, 

he binding energy of all hybrids was greater than −7.5 kcal/mol, 

articularly the isoxazole compounds have an outstanding bind- 

ng energy when compared to other hybrids. The active compound 

33) has π-anion interaction with ASP111 amino acid, hydrogen 

ond interaction with LYS104 and also π- σ interaction with ILE220 

mino acid. The binding energy of the standard drug Remdesivir 

as −9.4 kcal/mole. From the observed results suggested that hy- 
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Fig. 6. Target prediction of compounds. 

Fig. 7. The binding mode of compound triazole with SARS-CoV2 (3mj5). 
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rid 33 have favor interactions with Papain-like protease than 

emdesivir. 

. Physicochemical properties, ADMET and bioactivity 

A drug molecule’s success is determined not only by its strong 

otential but also by ensuring the drug-ability (ADMET profile) 
9 
f the drug molecule. For the vital achievement or breakdown 

f a probable drug discovery process, ADME, as well as toxico- 

ogical profile and drug-likeness, are significantly important. In 

he early stages, filtering drug development by their absorption, 

istribution, metabolism, and excretion - toxicity properties will 

educe the adverse effects in clinical trials or even in animal 

odels. Therefore, in the measurement of in silico ADMET, com- 
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Table 4 

In silico physicochemical properties of the compounds 7–12 & 19–36. 

Pharmacokinetics Drug Likeness 

Com. a M.Wt b Log Po/w 

c Log S d HBA e HBD f GI g TPSA h Lipinski’s i NROTBh Bio-activeness PAINS Veber Ghose 

7 385.466 4.0891 −4.247 5 1 High 63.58 0 5 0.55 0 0 0 

8 399.493 4.5435 −4.517 5 1 High 63.58 0 6 0.55 0 0 0 

9 468.383 5.5704 −5.879 5 1 High 63.58 0 5 0.55 0 0 1 

10 557.285 5.8088 −6.075 5 1 High 63.58 2 5 0.17 0 0 3 

11 399.493 4.3584 −4.407 5 1 High 63.58 0 5 0.55 0 0 0 

12 459.544 4.2184 −4.443 5 1 High 82.04 0 7 0.55 0 0 1 

19 305.376 4.4259 −3.345 3 0 High 30.82 0 3 0.55 0 0 0 

20 319.403 4.8803 −3.615 3 0 High 30.82 0 4 0.55 0 0 0 

21 388.293 5.9072 −4.977 3 0 High 30.82 1 3 0.55 0 0 0 

22 477.195 6.1456 −5.173 3 0 High 30.82 1 3 0.55 0 0 1 

23 347.457 5.383 −4.193 3 0 High 30.82 0 3 0.55 0 0 0 

24 379.455 4.5552 −3.541 5 0 High 40.28 0 5 0.55 0 0 0 

25 438.529 4.5925 −4.711 6 0 High 61.53 0 6 0.55 0 0 0 

26 452.556 5.0469 −4.981 6 0 High 61.53 0 7 0.55 0 0 0 

27 521.446 6.0738 −6.343 6 0 High 61.53 2 6 0.55 0 0 3 

28 610.348 6.3122 −6.539 6 0 High 61.53 2 6 0.55 0 0 3 

29 480.61 5.5496 −5.559 6 0 High 61.53 1 6 0.55 0 0 3 

30 512.608 4.7218 −4.907 8 0 High 61.53 1 8 0.55 0 0 2 

31 472.971 6.5446 −6.598 5 0 High 56.85 1 6 0.55 0 0 2 

32 486.997 6.999 −6.868 5 0 Low 56.85 1 7 0.17 0 0 3 

33 555.888 8.0259 −8.23 5 0 Low 56.85 2 6 0.55 0 0 3 

34 644.79 8.2643 −8.426 5 0 Low 56.85 2 6 0.55 0 0 3 

35 515.051 7.5017 −7.446 5 0 Low 56.85 2 6 0.55 0 0 3 

36 547.049 6.6739 −6.794 7 0 Low 75.31 1 8 0.55 0 0 1 

a M.Wt: Molecular weight.. 
b LogP: Logarithm of compound partition coefficient between n-octanol and water. 
c S: Compound’s solubility in mg/L.. 
d HBA: Number of hydrogen bond acceptors.. 
e HBD: Number of hydrogen bond donors. 
f Human gastrointestinal absorption. 
g TPSA: Topological polar surface area.. 
h Lipinski’s rule of five. 
i NROTB: Number of rotatable bonds. 

p

a

d

c

3

e

o

a

s

m

c

p

s

t

t

f

p

h

c

b

o

a

p

n

(

t

z

a

w

f

c

s

t

v

d

b

t

n

l

b

c

m

c

t

2

a

t  

i

r

w

l

c

A

p

e

d

a

g

ound effectiveness and drug suitability can be improved in par- 

llel, which is expected not only to increase the overall quality of 

rug molecules and their performance but also to minimize overall 

osts. 

In the present work, all 24 compounds (7–12, 19–24, 25–30 and 

1–36) were subject to the prediction of physicochemical prop- 

rties by swissADME, pre-ADMET and OSIRIS , [58] , to evaluate the 

verall potential of these compounds to be suitable for a drug, 

s well as comparing them to anti-tubercular drugs and the re- 

ults are given in Table 4 . The absorption property of synthesized 

olecules was calculated and the water solubility (logSw) of all 

ompounds was found to range between −4.8 to −6.59. Com- 

ounds having a high negative value on the logSw scale are as- 

umed to be poorly soluble. LogPo/w is strongly associated with 

ransport processes, including membrane permeability, distribution 

o various tissues and organs [59] . The predicted values of logPo/w 

or triazole and isoxazole compounds ranged from 5.94 to 9.17. The 

redicted human intestine absorption percentage of all the new 

ybrids was found in the range of 91.83 to 97.68% and to be suffi- 

ient. 

Measurements of plasma binding protein (PBP) and the blood 

rain barrier (BBB) were performed to forecast the transport 

f drugs from one organ to another. Results demonstrated that 

ll derivatives with chloro and bromo substitutes had significant 

lasm protein binding values, implying longer half-lives than iso- 

iazid (1.67). The brain penetration of compounds 25 (0.31) and 31 

0.30) was also minimal (BBB; unbound brain to plasma ratio). All 

wenty-four compounds were found to not inhibit the CYP2D6 en- 

yme, despite the fact that they all likely inhibit CYP2C19, CYP2C9, 

nd CYP3A4. The fraction unbound values for hydrazones (7–12) 

ere zero, whereas those for the remaining compounds ranged 

rom 0.012 to 0.015. 
10 
The liver plays a very important responsibility in energy ex- 

hange and the biotransformation of xenobiotics and drugs. All the 

ynthesized compounds were predicted for their LD50 and hepa- 

otoxicity using pkCSM-pharmacokinetics [60] . The obtained LD50 

alues ranged from 0.64 to 2.01 mol/kg and the compounds hy- 

razones and triazoles could cause hepatotoxicity. 

Pharmacokinetic and drug-likeness properties were predicted 

y SwissADME and given in Table 4 . By taking a closer look to 

he results isoxazole compounds 32–36 has low Gastro intesti- 

al absorption when compared to other derivatives. The drug- 

ikeness was predicted based on the Lipinski [61] , Ghose [62] , Ve- 

er [63] and bioavailability score. 

The Lipinski Rule of Five showed that there were only eleven 

ompounds that accomplished the criteria of druglikeness assess- 

ent. However, most of the triazole (27–30) and isoxazole (31–36) 

ompounds were rejected with two violations ( Table 4 ). Based on 

he Ghose rules predictions showed that compounds 7, 8, 11, 19, 

0, 21, 23, 24, 25 and 26 were satisfied the criteria of drug likeness 

ssessment however the other compounds were rejected with one, 

hree or four violations ( Table 4 ). On the other hand, the screen-

ng process with Veber rules, all the compounds satisfied the crite- 

ia of drug likeness assessment. However, the (highest) molecular 

eight of the title compounds were > 500 and according to the 

iterature, even it is higher than 500, it is not very high and ac- 

eptable for drug-likeness. 61 

The ADME properties of the hybrids were calculated by Pre- 

DMET calculator method. The parameters such as coefficient of 

ermeability of the Madin-Darby canine kidney (MDCK) cells, co- 

fficient of permeability of the Caco2 cells (permeability by cells 

erived from adenocarcinoma of the human colon) were calculated 

nd compared with the best values. The obtained results were 

iven in Table 5 . 
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Table 5 

In silico ADME profiling of the compounds 7–12. 

Absorption Distribution 

Compound Caco2 a MDCK b HIA c logkp d BBB e PPB f 

7 39.657 27.810 96.317 −6.140 0.117 91.882 

8 43.210 20.193 96.411 −5.970 0.080 93.250 

9 36.536 0.233 97.188 −5.340 0.334 100.000 

10 36.718 0.034 97.493 −5.800 0.413 100.000 

11 47.120 0.418 96.600 −5.470 0.219 91.582 

12 49.568 0.669 96.426 −6.230 0.034 90.824 

a Caco2: Permeability through cells derived from human colon adenocarcinoma; Caco2 values < 4 nm/ sec (low per- 

meability), values from 4 to 70 nm/ sec (medium permeability) and values > 70 nm/ sec (High permeability). 
b MDCK: Permeability through Madin–Darby canine kidney cells; MDCK values < 25 nm/ sec (low permeability), val- 

ues from 25 to 500 nm/ sec (medium permeability) and values > 500 nm/ sec (High permeability). 
c HIA: Percentage human intestinal absorption; HIA values from 0 to 20% (poorly absorbed), values from 20 to 70% 

(moderately absorbed) and values from 70 to 100% (well absorbed). LogkP: Skin permeability (cm/hour). 
d BBB: Blood–brain barrier penetration; BBB values < 0.1 (low CNS penetration), values from 0.1 to 2 (medium CNS 

absorption) and values > 2 (High CNS absorption). 
e PPB: Plasma protein binding; PPB values < 90% (poorly bound) and > 90% (strongly bound). 

Fig. 8. ADME properties of compounds and standard drug by graphical representation (boiled-egg) (predict gastrointestinal absorption and brain penetration). 
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From the ADME results, all tested compounds demonstrated 

edium cell permeability with values from 36.53 to 4 9.56 8 nm/s 

n the Caco2 cell model. In the MDCK cell model, 3,5-dimethyl 

ubstituted pyranone compounds have low cell permeability, while 

ompounds 7 and 8 displayed medium permeability. Besides, the 

redicted oral bioavailability of all tested compounds were excel- 

ent, exercised high HIA values from 96.31 to 97.49% demonstrat- 

ng very well absorbed. In addition, all the compounds showed 

edium Blood-brain barrier penetration capability (0.11–0.41) ex- 
11 
ept compounds 8 and 12 (0.080 and 0.034). Also, plasma proteins 

ere weakly bound with the compounds. The CYP2D6 enzyme is 

 reason for metabolism as well as the excretion of about 25% of 

linically used drugs. No inhibition of this enzyme was formed by 

ny of the tested compounds, so they can be metabolized and effi- 

iently excreted. 

The performance results of the SwissADME prediction are the 

D chemical structure of the radar compound and bioavailability 

hich gives a quick conclusion on the drug-likeness (Fig. S19). 
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Table 6 

Toxicity and drug-likeness scores of the compounds 7–12 & 19–36. 

Compounds 

Drug 

likeness 

Toxicity Shape 

Index 

Molecular 

Flexibility 

Molecular 

Complexity 
Mutagenic Tumorigenic Reproductive Effective Irritant 

7 3.98 None High High None 0.48 0.31 0.81 

8 3.76 None High High None 0.47 0.31 0.82 

9 1.99 None High High None 0.47 0.31 0.87 

10 3.83 None High High None 0.47 0.31 0.87 

11 3.78 None High High None 0.47 0.31 0.85 

12 3.83 None High High None 0.47 0.33 0.86 

19 1.74 None None None None 0.52 0.48 0.32 

20 1.48 None None None None 0.52 0.45 0.33 

21 1.55 None None None None 0.52 0.5 0.33 

22 −0.32 None None None None 0.52 0.5 0.33 

23 1.47 None None None None 0.52 0.5 0.33 

24 1.56 None None None None 0.52 0.54 0.36 

25 −0.69 None None None None 0.52 0.35 0.81 

26 −0.91 None None None None 0.52 0.35 0.82 

27 −0.85 None None None None 0.52 0.35 0.88 

28 −2.69 None None None None 0.52 0.35 0.88 

29 −0.90 None None None None 0.52 0.35 0.84 

30 −0.84 None None None None 0.52 0.36 0.85 

31 2.35 None None None None 0.53 0.35 0.85 

32 2.12 None None None None 0.51 0.35 0.86 

33 2.08 None None None None 0.51 0.35 0.88 

34 0.29 None None None None 0.51 0.35 0.88 

35 2.08 None None None None 0.51 0.35 0.88 

36 2.18 None None None None 0.51 0.36 0.89 

INH −5.78 High High High High 0.7 0.48 0.55 

PZA −0.68 High High High None 0.67 0.04 0.72 
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he six parameters mentioned in the radar on bioavailability are 

exibility, lipophilicity, thickness, polarity, solubility and saturation 

nd their essential limits ( Table 6 ). The boiled-egg Fig. 8 demon- 

trates that the compounds are within the appropriate range for 

tandard. Compounds 7, 8 and 11 present in the yellow zone that 

ermeates through the blood-brain barrier (BBB). The gastroin- 

estinal tract can very quickly absorb the remaining compounds 

9, 10 and 12) that are present in the white region and same 

ime the isoxazol hybrids 32, 35 and 36 are present in the out of 

egion. 

. Conclusion 

In conclusion, a series of 2 r ,6 c -diaryltetrahydropyran-4-ones 

lubbed with four different (hydrazones 7–12, O-ethynyl oximes 

9–24, triazoles 25–30, and isoxazoles 31–36) hybrids have suc- 

essfully synthesized in good to excellent yield. The newly synthe- 

ized hybrid structures were confirmed by spectroscopic method. 

he synthesized hybrids were assayed for their antimicrobial and 

ycobacterium tuberculosis ( MTB ) activities. The results showed 

hat the eight compounds (8, 9, 10, 11, 12, 28, 33 and 34) had

ood activity against M. tubercul osis at the concentration of ≤
.25 μg/ml, especially the hybrid 10 showed highest inhibition ac- 

ivity at 0.78 μg/ml. Moreover, the in vitro cytotoxicity of the most 

ctive compounds 8–12, 28, 33 and 34 against PBMC normal cell 

ine by MTT assay method. The estimated IC50 values were in the 

ange 316.8 to 609.1 μg/mL, demonstrating a reasonable safety pro- 

le and selectivity (SI 150), and none of the compounds shown 

ytotoxicity against PBMC. Further, docking studies were also per- 

ormed on these promising derivatives based on the M. tubercul osis 

tudy compound 10 have remarkable M. tubercul osis activity. All 

he compounds showed better binding scores with papain-like pro- 

ease (SARS-CoV-2). Especially isoxazole compound 33 has high 

inding energy ( −9.4 kcal/mole) and favor interactions. Further- 

ore, ADMET and drug-like properties were evaluated, majority of 

he compounds predicted good drug like properties and can be de- 

eloped as oral drug candidate. 
12 
. Experimental 

.1. Synthesis of the 3-akyl-2,6-diaryltetrahydropyran-4-one 

-isonicotinoylhydrazone (7–12) 

3 t -Alkyl-2 r ,6 c -diaryltetrahydropyran-4-ones (1–6) (1.5 mol), iso- 

iazid (2.0 mol) were dissolved in 50 mL of methanol and catalytic 

mount (1.0 mL) of acetic acid was added. The reaction mixture 

as heated under reflux for 2–12 hr, a solid mass was thrown out 

rom the reaction mixture and filtered, washed with ethanol and 

ater mixture. The crude product was recrystallized from ethanol. 

.1.1. 3-Methyl-2,6-diphenylpyran-4-one N-isonicotinoylhydrazone (7) 

FT-IR (cm 

-1 ): 3038, 3026, 3004, 2986, 2942 (C 

–H stretching); 

668 (C 

= O stretching); 1536 (C 

= N stretching); 3159 (N 

–H stretch- 

ng). 1 H NMR (DMSO–d 6 ):( δ) ppm: 4.23 (d, J 2a,3a = 10.5 Hz, 1H, 

2a), 4.65 (d, J 5a,6a = 10.5, Hz, 1H, H6a), 3.25 (sextet, 1H, H3a), 

.85 (t, 1H, H5a), 3.91 (d, J 5a,5e = 12.8 Hz, 1H, H5e), 10.92 (s, 1H,

O 

–NH-), 0.89 (d , J 3a ,Me = 6.0 Hz, 3H, -CH 3 at C3), 8.69 (d, 2H, α-

), 7.70 (d, 2H, β-H), 7.46 (d, 4H, H-2 ′′ , H-6 ′′ ), 7.20–7.33 (m, 6H,

-2 ′′ ’, H-6 ′′ ’,H-2 ′ ’’’, H-6 ′ ’’’); 13 C NMR (DMSO–d 6 ): ( δ) ppm: 75.93

C2), 63.92 (C6), 45.54 (C3), 38.61 (C5), 11.72 (CH 3 at C3), 171.08 

C 

= O), 158.48 (C 

= N), 150, 140.95, 144.10, 143.45, 127.49, 127.19, 

26.21, 126.04, 125.10, 125.01 (aryl carbons). Ana. Cal.(Found) for 

 24 H 23 N 3 O 2 (385.46) C, 74.78 (74.50); H, 6.01 (6.09); N, 10.90 

1075); Pale yellow powder, yield 90%, m.p: 219 –220 °C 

.1.2. 3-Ethyl-2,6-diphenylpyran-4-one N-isonicotinoylhydrazone (8) 

FT-IR (cm 

-1 ): 3042, 3029, 2997, 2952, 2878, 2843 (C 

–H stretch- 

ng); 1661 (C 

= O stretching); 1542 (C 

= N stretching); 3168 (N 

–H 

tretching). 1 H NMR (DMSO–d 6 ):( δ) ppm 

: 4.31 (d, J 2a,3a = 10.5 Hz, 

H, H2a), 4.52 (d, J 5a,6a = 10.5, Hz, 1H, H6a), 3.25 (m, 1H, H3a),

.07 (d, J = 12.50 Hz, 1H, H5a), 3.08 (d, J 5a,5e = 12.8 Hz, 1H, H5e),

.66 (m, 1H, H of –C H H’ of C-7), 1.16 (m, H, H’ of C-7), 0.78 (t,

H, -CH 3 at C-7), 11.07 (s, 1H, -CO 

–NH- ), 8.75(d, 2H, α-H), 7.74

d, 2H, β-H), 7.51 (m, 4H, H-2 ′′ , H-6 ′′ ), 7.28–7.39 (m, 10H, aryl 

rotons). 13 C NMR (DMSO–d 6 ): ( δ) ppm: 70.22 (C2), 60.24 (C6), 

2.98 (C3), 37.17 (C5), 20.91 (- CH –CH ) 20.51 (- CH –CH ), 166.29 
2 3 2 3 
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C 

= O), 160.41 (C 

= N), 151.04, 144.36, 143.47, 141.73, 128.70, 127.68, 

28.52, 127.33, 127.14, 122.23 (aryl carbons). Anal. Cal.(Found) for 

 25 H 25 N 3 O 2 , C, 75.16 (74.82); H, 6.31 (6.51); N, 10.52 (10.11). Pale

ellow solid, yield 86%, m.p: 224 –225 °C 

.1.3. 3,5-Dimethyl-2,6-bis(p-chlorophenyl)pyran-4-one 

-isonicotinoylhydrazone(9) 

FT-IR (cm 

-1 ): 3038, 3026, 3004, 2986, 2942, 2898 (C 

–H stretch- 

ng); 1669 (C 

= O stretching); 1536 (C 

= N stretching); 3159 (N 

–H 

tretching). 1 H NMR (DMSO–d 6 ):( δ) ppm 

: 4.76 (d, J 2a,3a = 10.50 Hz, 

H, H2a), 4.22 (d, J 6 a,5e = 2.52 Hz; 1H, H6a), 2.76 (sextet, 1H, H3a),

.12 (sextet, 1H, H5a), 1.09 (d, 3H, 5-CH 3 , J = 7.00 Hz); 0.95 (d, 3H,

-CH 3 , J = 6.50 Hz); 8.76 (d, 2H, α-H), 7.76 (d, 2H, β-H), 7.49–7.38

m, 8H, aryl protons), 10.96 (s, 1H, -CO 

–NH- ). 13 C NMR (DMSO–

 6 ): ( δ) ppm: 70.12 (C2), 60.72 (C6), 45.25 (C3), 38.19 (C5), 167.47

C 

= O), 160.36 (C 

= N), 11.29 and 11.20 (3-CH 3 and 5-CH 3 ); 150.25, 

41.15, 139.87, 139.05, 129.47, 127.34, 126.98, 121.45 (aryl carbons). 

ass ( M + H ): 468. White powder, yield 75%, m.p: 228 –229 °C. 

.1.4. 3,5-Dimethyl-2,6-bis(p-bromophenyl)pyran-4-one 

-isonicotinoylhydrazone (10) 

FT-IR (cm 

-1 ): 3048, 3028, 3010, 2986, 2942, 2898 (C 

–H stretch- 

ng); 1671 (C 

= O stretching); 1536 (C 

= N stretching); 3159 (N 

–H 

tretching). 1 H NMR (DMSO–d 6 ):( δ) ppm: 4.71 (d, J 2a,3a = 10.50 Hz, 

H, H2a), 4.20 (d, J 6 a,5e = 2.55 Hz; 1H, H6a), 2.73 (sextet, 1H, 

3a), 2.14 (sextet, 1H, H5a), 1.10 (d, 3H, 5-CH 3 , J = 7.00 Hz);

.95 (d, 3H, 3-CH 3 , J = 6.50 Hz); 8.67 (d, 2H, α-H), 7.64 (d,

H, β-H), 7.41–7.08 (m, 8H, aryl protons), 11.01 (s, 1H, -CO 

–NH- 

. 13 C NMR (DMSO–d 6 ): ( δ) ppm: 70.92 (C2), 60.74 (C6), 45.29 

C3), 38.08 (C5), 168.43 (C 

= O), 159.16 (C 

= N), 11.31 and 11.22 (3- 

H 3 and 5-CH 3 ); 151.32, 140.15, 139.07–124.98 (aryl carbons). Anal. 

al.(Found) for C 25 H 23 Br 2 N 3 O 2 , C, 53.88 (53.12); H, 4.16 (4.56); N,

.54(7.23). White powder, yield 79%, m.p: 232 –233 °C. 

.1.5. 3,5-Dimethyl-2,6-bis(p-methylphenyl)pyran-4-one 

-isonicotinoylhydrazone (11) 

FT-IR (cm 

-1 ): 3039, 3026, 3004, 2986, 2942, 2898 (C 

–H stretch- 

ng); 1670 (C 

= O stretching); 1536 (C 

= N stretching); 3159 (N 

–H 

tretching). 1 H NMR (DMSO–d 6 ):( δ) ppm 

: 4.71 (d, J 2a,3a = 10.55 Hz, 

H, H2a), 4.19 (d, J 6 a,5e = 2.46 Hz; 1H, H6a), 2.70 (sextet, 1H, H3a),

.14 (sextet, 1H, H5a), 1.08 (d, 3H, 5-CH 3 , J = 6.80 Hz); 0.96 (d, 3H,

-CH 3 , J = 6.55 Hz); 8.75 (d, 2H, α-H), 7.74 (d, 2H, β-H), 7.41–7.34

m, 8H, aryl protons), 2.31 (s, 6H, p- CH 3 ), 11.06 (s, 1H, -CO 

–NH- ).
3 C NMR (DMSO–d 6 ): ( δ) ppm: 88.21 (C2), 79.02 (C6), 45.52 (C3), 

8.12 (C5), 168.57 (C 

= O), 160.36 (C 

= N), 11.27 and 11.18 (3-CH 3 

nd 5-CH 3 ); 21.01 ( p- CH 3 ); 150.52, 142.02, 139.85, 139.13, 129.40, 

28.94, 127.98, 123.4, 120.23 (aryl carbons). Anal. Cal.(Found) for 

 27 H 29 N 3 O 2 C, 75.85 (76.01); H, 6.84 (6.12); N, 9.83(9.02). Paleyel- 

ow solid, yield 70%, m.p: 215 –216 °C. 

.1.6. 3,5-Dimethyl-2,6-bis(p-methoxyphenyl)pyran-4-one 

-isonicotinoylhydrazone (12) 

FT-IR (cm 

-1 ): 3038, 3026, 3004, 2986, 2942, 2898 (C 

–H stretch- 

ng); 1668 (C 

= O stretching); 1536 (C 

= N stretching); 3159 (N 

–H 

tretching). 1H NMR (DMSO–d6):( δ) ppm 

: 4.74 (d, J 2a,3a = 10.50 Hz, 

H, H2a), 4.24 (d, J 6 a,5e = 2.40 Hz; 1H, H6a), 2.71 (sextet, 1H, H3a),

.13 (sextet, 1H, H5a), 1.10 (d, 3H, 5-CH 3 , J = 7.00 Hz); 0.94 (d,

H, 3-CH 3 , J = 6.46 Hz); 3.83 (s, 6H, p OCH 3 –); 8.71 (d, 2H, α-

), 7.72 (d, 2H, β-H), 6.91–7.53 (m, 8H, aryl protons), 11.03 (s, 

H, -CO 

–NH- ). 13C NMR (DMSO–d 6 ): ( δ) ppm: 87.83 (C2), 79.12

C6), 46.05 (C3), 37.15 (C5), 169.45 (C 

= O), 161.46 (C 

= N), 11.72 and 

1.64 (3-CH 3 and 5-CH 3 ); 55.32 ( p OCH 3 –); 159.24, 151.02, 142.11, 

38.87, 138.12, 129.47, 127.34, 126.98, 112.54 (aryl carbons). Anal. 

al.(Found) for C 27 H 29 N 3 O 4 C, 70.57 (70.15); H, 6.36 (6.02); N, 9.14

9.56). White powder, yield 72%, m.p: 219 –220 °C. 
13 
.2. Synthesis of 2,6-diarylpyran-4-oxime ( 13–18 ) 

The intermediate molecule of 2,6-diarylpyran-4-oximes were 

ynthesized by a mixture of 0.015 mol of 2,6-diarylpyran-4-one 

nd 0.015 mol of hydroxylamine hydrochloride were dissolved in 

0 mL of ethanol and refluxed 30 min on a steam bath. TLC was 

sed to monitor the reaction. After complete the reaction, the re- 

ction mixture was allowed to cool room temperature and trans- 

erred into ice. A solid residue was obtained and filtered, washed 

ith water. The final product was dried and recrystallized from 

thanol. 

.3. Synthesis of 2,6-diaryltetrahydro-4H-pyran-4-one O-ethynyl 

xime (19–24) 

2,6-Diaryltetrahydro-4H-pyran-4-one oxime 2 ( ∼ 0.28 g) and 

odium hydride (0.041 g) were dissolved in anhydrous THF (5 mL), 

t 0 °C and the reaction mixture was stirred for 40-50 min at room 

emperature. 0.12 mL of propargyl bromide, tetrabutylammonium 

odide (TBAI) were added slowly in that reaction mixture at 0 °C 

nd then heated under reflux for another 12 hr. The reaction mix- 

ure was quenched with ice. The organic layers was extracted with 

thyl acetate and dried over Na 2 SO 4 . The extract filtered, and evap- 

rated under reduced pressure to give the desired products. 

.3.1. 3-Methyl-2,6-diphenyltetrahydro-4H-pyran-4-one O-ethynyl 

xime (19) 

FT-IR (cm 

-1 ): 3048, 3032, 3014, 2976, 2940 (C 

–H stretch- 

ng); 1526 (C 

= N stretching); 3149 (O 

–H stretching). 1 H NMR 

DMSO–d 6 ):( δ) ppm 

: 4.20 (d, J 2a,3a = 10.2 Hz, 1H, H2a), 4.60 (d, 

 5a,6a = 10.2, Hz, 1H, H6a), 3.23 (sextet, 1H, H3a), 2.82 (t, 1H, 

5a), 3.93 (d, J 5a,5e = 12.7 Hz, 1H, H5e), 3.67 (s, 1H, C 

≡CH), 0.87

d , J 3a ,Me = 6.1 Hz, 3H, -CH 3 at C3), 7.46–7.19 (m, 10H, ArH); 13 C

MR (DMSO–d 6 ): ( δ) ppm: 85.90(C2), 76.90 (C6), 60.54 (C3), 48.60 

C5), 11.75 (CH 3 at C3), 158.48 (C 

= N), 82.9 (- C 

≡CH), 45.9 (-C 

≡C H)

40.94, 144.11, 143.45, 127.49, 127.19, 126.21, 126.04, 125.10 (aryl 

arbons). Yellow powder, yield 95%, m.p: 209 –210 °C 

.3.2. 3-Ethyl- 2,6-diphenyltetrahydro-4H-pyran-4-one O-ethynyl 

xime (20) 

FT-IR (cm 

-1 ): 3046, 3030, 2987 (C 

–H stretching); 1545 (C 

= N 

tretching). 1 H NMR (DMSO–d 6 ):( δ) ppm: 4.33 (d, J 2a,3a = 10.5 Hz, 

H, H2a), 4.53 (d, J 5a,6a = 10.5, Hz, 1H, H6a), 3.26 (m, 1H, H3a),

.10 (d, J = 12.50 Hz, 1H, H5a), 3.10(d, J 5a,5e = 12.8 Hz, 1H, H5e),

.68 (m, 1H, H of –C H H’ of C-7), 1.18 (m, H, H’ of C-7), 0.80

t, 3H, -CH 3 at C-7), 3.69 (s, 1H, C 

≡CH), 7.28–7.39 (m, 10H, aryl 

rotons). 13 C NMR (DMSO–d 6 ): ( δ) ppm: 87.22 (C2), 80.54 (C6), 

9.98 (C3), 57.15 (C5), 18.95 (- CH 2 –CH 3 ) 12.54 (- CH 2 –CH 3 ), 160.49 

C 

= N), 82.12 (- C 

≡CH), 45.15 (-C 

≡C H), 151.04, 144.36, 143.47, 141.73, 

28.70, 127.68, 128.52, 127.33, 127.14, 122.23 (aryl carbons). Pale 

ellow solid, yield 90%, m.p: 214 –215 °C 

.3.3. 3,5-Dimethyl-2,6-bis(p-chlorophenyl)pyran-4H-pyran-4-one 

-ethynyl oxime (21) 

FT-IR (cm 

-1 ): 3026, 3004, 2986 (C 

–H stretching); 1529 

C 

= N stretching); 1 H NMR (DMSO–d6):( δ) ppm: 4.68 (d, 

 2a,3a = 10.50 Hz, 1H, H2a), 4.18 (d, J 6 a,5e = 2.55 Hz; 1H, H6a), 3.69

s, 1H, C 

≡CH), 2.71 (sextet, 1H, H3a), 2.15 (sextet, 1H, H5a), 1.10 (d, 

H, 5-CH 3 , J = 7.05 Hz); 0.91 (d, 3H, 3-CH 3 , J = 6.55 Hz); 7.47–7.38

m, 8H, aryl protons). 13 C NMR (DMSO–d 6 ): ( δ) ppm: 88.12 (C2), 

8.72 (C6), 45.25 (C3), 38.19 (C5), 160.36 (C 

= N), 11.30 and 11.25 

3-CH 3 and 5-CH 3 ); 150.25, 141.15, 139.87, 139.05, 129.47, 127.34, 

26.98, 121.45 (aryl carbons). White solidr, yield 87%, m.p: 240 

241 °C. 
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.3.4. 3,5-Dimethyl-2,6-bis(p-bromophenyl) pyran-4H-pyran-4-one 

-ethynyl oxime (22) 

FT-IR (cm 

-1 ): 3048, 3028, 3010, 2986, 2942, 2898 (C 

–H stretch- 

ng); 1536 (C 

= N stretching). 1H NMR (DMSO–d6):( δ) ppm: 4.71 (d, 

 2a,3a = 10.50 Hz, 1H, H2a), 4.20 (d, J 6 a,5e = 2.55 Hz; 1H, H6a),

.73 (sextet, 1H, H3a), 2.14 (sextet, 1H, H5a), 1.10 (d, 3H, 5-CH 3 , 

 = 7.00 Hz); 0.95 (d, 3H, 3-CH 3 , J = 6.50 Hz); 7.41–7.22 (m, 8H,

ryl protons). 13 C NMR (DMSO–d 6 ): ( δ) ppm: 87.82 (C2), 78.84 

C6), 45.22 (C3), 38.08 (C5), 159.16 (C 

= N), 82.19 (- C 

≡CH), 45.18 (- 

 

≡C H), 11.33 and 11.25 (3-CH 3 and 5-CH 3 ); 151.32, 140.15, 139.07–

24.98 (aryl carbons). Dirty white, yield 89%, m.p: 230 –231 °C. 

.3.5. 3,5-Dimethyl-2,6-bis(p-methylphenyl)pyran-4H-pyran-4-one 

-ethynyl oxime (23) 

FT-IR (cm 

-1 ): 3036, 3026, 3004, 2986, (C 

–H stretching); 

536 (C 

= N stretching). 1 H NMR (DMSO–d6):( δ) ppm 

: 4.71 (d, 

 2a,3a = 10.56 Hz, 1H, H2a), 4.20 (d, J 6 a,5e = 2.49 Hz; 1H, H6a), 3.65

s, 1H, C 

≡CH), 2.72 (sextet, 1H, H3a), 2.16 (sextet, 1H, H5a), 1.08 (d, 

H, 5-CH 3 , J = 6.83bHz); 0.96 (d, 3H, 3-CH 3 , J = 6.50 Hz), 7.45–7.35

m, 8H, aryl protons), 2.33 (s, 6H, p- CH 3 ). 
13 C NMR (DMSO–d 6 ): ( δ)

pm: 88.22 (C2), 79.12 (C6), 45.52 (C3), 38.12 (C5), 162.21 (C 

= N), 

2.01 (- C 

≡CH), 45.04 (-C 

≡C H), 11.28 and 11.18 (3-CH 3 and 5- 

H 3 ); 21.07 ( p- CH 3 ); 150.52, 142.02, 139.85, 139.13, 129.40, 128.94, 

27.98, 123.4, 120.23 (aryl carbons). Paleyellow solid, yield 87%, 

.p: 205 –206 °C. 

.3.6. 3,5-Dimethyl-2,6-bis(p-methoxyphenyl)pyran-4H-pyran-4-one 

-ethynyl oxime (24) 

FT-IR (cm 

-1 ): 3038, 3026, 3004, 2986, 2942, 2898 (C 

–H stretch- 

ng); 1536 (C 

= N stretching). 1 H NMR (DMSO–d 6 ):( δ) ppm: 4.77 (d, 

 2a,3a = 10.55 Hz, 1H, H2a), 4.29 (d, J 6 a,5e = 2.42 Hz; 1H, H6a),

.66 (s, 1H, C 

≡CH), 2.71 (sextet, 1H, H3a), 2.17 (sextet, 1H, H5a), 

.12 (d, 3H, 5-CH 3 , J = 7.02 Hz); 0.98 (d, 3H, 3-CH 3 , J = 6.42 Hz);

.88 (s, 6H, p OCH 3 –); 6.91–7.53 (m, 8H, aryl protons), 13 C NMR 

DMSO–d 6 ): ( δ) ppm: 87.85 (C2), 79.17 (C6), 46.05 (C3), 37.15 (C5), 

61.46 (C 

= N), 82.16 (- C 

≡CH), 45.18 (-C 

≡C H), 11.76 and 11.69 (3-CH 3 

nd 5-CH 3 ); 55.20 ( p OCH 3 –); 159.24, 151.02, 142.11, 138.87, 138.12, 

29.47, 127.34, 126.98, 112.54 (aryl carbons). Yello solid powder, 

ield 87%, m.p: 217 –218 °C. 

.4. Synthesis of 2,6-diaryltetrahydro-4H-pyran-4-one 

-((1-phenyl-1H-1,2,3-triazol-4-yl)methyl)oxime (25–30) 

2,6-Diaryltetrahydro-4H-pyran-4-one O-ethynyl oximes (19–24) 

1.5 mmol), 1-(azidomethyl)benzene (1.5 mmol), 0.09 mmol of 

uSO 4 ·5H 2 O and sodium ascorbate (0.2 mmol) were added in to 

0 mL of water and THF (1:1) solution mixture. The solution mix- 

ure was stirred at 45 °C, until the complete formation of the target 

ompounds. The excess of solvent was evaporated under reduced 

ressure, extracted with ethyl acetate and dried over anhydrous 

a 2 SO 4 , The extract filtered, and evaporated under reduced pres- 

ure to give the desired products. 

.4.1. 3-Methyl-2,6-diphenyltetrahydro-4H-pyran-4-one 

-((1-phenyl-1H-1,2,3-triazol-4-yl)methyl)oxime (25) 

FT-IR (cm 

-1 ): 3040, 3030, 3014, 2986, 2942 (C 

–H stretching); 

668 (C 

= O stretching); 1637 (C 

= N stretching). 1 H NMR (CDCl 3 ):( δ)

pm: 5.67 (s, 2H, O 

–CH2), 4.37 (d, J 2a,3a = 10.2 Hz, 1H, H2a),

.25 (d, J 5a,6a = 10.8, Hz, 1H, H6a), 3.87 (m, 1H, H3a), 2.17 (d,

 = 12.40 Hz, 1H, H5a), 3.49 (d, J 5a,5e = 12.5 Hz, 1H, H5e), 1.66

m, 1H, H of –C H H’ of C-7), 1.16 (m, H, H’ of C-7), 0.78 (t, 3H,

CH 3 at C-7), 7.28–7.33 (M, 15H, aryl protons at protons and tri- 

zole). 13 C NMR (CDCl 3 ): ( δ) ppm: 86.19 (C2), 77.19 (C6), 60.58 

C3), 49.61 (C5), 11.91 (CH 3 at C3), 158.48 (C 

= N), 141.89 (C-4 

t triazole), 118.04 (C5 at triazole), 150.11, 141.95, 145.10, 144.45, 

28.44, 127.89, 126.84, 126.5, 125.84, 125.18, 124.67 (aryl carbons). 
14 
nal. Cal.(Found) for C 27 H 26 N 4 O 2 (439.21). C, 73.95 (73.73); H, 5.98 

6.21); N, 12.78 (12.05). Yellow powder, yield 85%, m.p: 265–266 °C 

.4.2. 3-Ethyl-2,6-diphenyltetrahydro-4H-pyran-4-one 

-((1-phenyl-1H-1,2,3-triazol-4-yl)methyl) oxime (26) 

FT-IR (cm 

-1 ): 3052, 3039, 2987, 2972, 2778, 2743 (C 

–H stretch- 

ng); 1642 (C 

= N stretching); 3178 (N 

–H stretching). 1 H NMR 

CDCl 3 ):( δ) ppm: 4.23 (d, J 2a,3a = 10.5 Hz, 1H, H2a), 4.65 (d, 

 5a,6a = 10.5, Hz, 1H, H6a), 3.25 (sextet, 1H, H3a), 2.85 (t, 1H, H5a), 

.91 (d, J 5a,5e = 12.8 Hz, 1H, H5e), 0.89 (d , J 3a ,Me = 6.0 Hz, 3H, -CH 3 

t C3), 4.91 (d, J = 2.0 Hz, 2H, –CH 2 ), 7.89 (dd, 2H, H-2 ′ ), 7.45 (dd,

H, H-3 ′ ), 7.31–7.33 13 C NMR (CDCl 3 ): ( δ) ppm: 64.75 (C2), 60.31

C6), 49.69 (C3), 46.77 (C5), 18.85 (- CH 2 –CH 3 ) 17.41 (- CH 2 –CH 3 ), 

60.41 (C 

= N), 139.85, 129.74, 127.68, 128.52, 127.33, 127.14, 122.23 

aryl carbons), 144.21 (C-4 at triazole), 118.02 (C5 at triazole),. 

nal. Cal.(Found) for C 28 H 28 N 4 O 2 (453.21)% C, 74.31(74.68); H, 6.24 

6.01); N, 12.38 (12.13);. Yellow powder, yield 80%, m.p: 261–

62 °C 

.4.3. 3,5-Dimethyl-2,6-bis(p-chlorophenyl) −4H-pyran-4-one 

-((1-phenyl-1H-1,2,3-triazol-4-yl) methyl)oxime (27) 

FT-IR (cm 

-1 ): 3038, 3026, 3004, 2986, 2942, 2898 (C 

–H stretch- 

ng); 1636 (C 

= N stretching); 3159 (N 

–H stretching). 1H NMR 

DMSO–d6):( δ) ppm: 4.72 (d, J 2a,3a = 10.40 Hz, 1H, H2a), 4.12 (d, 

 6 a,5e = 2.32 Hz; 1H, H6a), 2.78 (sextet, 1H, H3a), 2.12 (sextet, 

H, H5a), 1.19 (d, 3H, 5-CH 3 , J = 7.05 Hz); 0.92 (d, 3H, 3-CH 3 ,

 = 6.50 Hz); 7.98–7.38 (m, 13H, aryl protons), 6.65 (s, 2H, CH2), 

.35–7.38 (M, 5H, aryl protons at triazole), 7.20 (s, 1H, H-4 tria- 

ole). 13 C NMR (DMSO–d 6 ): ( δ) ppm: 85.12 (C2), 78.82 (C6), 45.15 

C3), 37.19 (C5), 160.36 (C 

= N), 11.29 and 12.20 (3-CH 3 and 5- 

H 3 ); 142.91 (C-4 at triazole), 119.14 (C5 at triazole), 150.25, 141.15, 

39.87, 139.05, 129.47, 127.34, 126.98, 121.45 (aryl carbons). HRMS 

ESI): m/z calcd. for [ M + H ] + C 28 H 26 Cl 2 N 4 O 2 521.14. Yield 76%,

.p: 281–282 °C 

.4.4. 3,5-Dimethyl-2,6-bis(p-bromophenyl) −4H-pyran-4-oneO-((1- 

henyl-1H-1,2,3-triazol-4-yl)methyl)oxime 

28) 

FT-IR (cm 

-1 ): 3048, 3028, 3010, 2986, 2942, 2898 (C 

–H stretch- 

ng); 1640 (C 

= N stretching); 3160 (N 

–H stretching). 1 H NMR 

DMSO–d 6 ):( δ) ppm 

: 4.71 (d, J 2a,3a = 10.50 Hz, 1H, H2a), 4.20 

d, J 6 a,5e = 2.55 Hz; 1H, H6a), 2.73 (sextet, 1H, H3a), 2.14 (sex- 

et, 1H, H5a), 1.10 (d, 3H, 5-CH 3 , J = 7.00 Hz); 0.95 (d, 3H, 3-

H 3 , J = 6.50 Hz); 7.41–7.08 (m, 8H, aryl protons), 6.56 (s, 2H, -

- CH 2 - ), 7.25 (s, 1H, H-4 triazole). 13 C NMR (DMSO–d 6 ): ( δ) ppm:

7.92 (C2), 78.74 (C6), 45.29 (C3), 38.08 (C5), 159.16 (C 

= N), 11.31 

nd 11.22 (3-CH 3 and 5-CH 3 ); 151.32, 140.15, 139.07–124.98 (aryl 

arbons), 142.88 (C-4 at triazole), 120.04 (C5 at triazole). Anal. 

al.(Found) for C 28 H 26 Br 2 N 4 O 2 (613.04)% C, 63.97 (63.17); H, 5.18 

5.45); N, 10.29 (10.05). Yield 72%, m.p: 285–286 °C 

.4.5. 3,5-Dimethyl-2,6-bis(p-methylphenyl) −4H-pyran-4-oneO-((1- 

henyl-1H-1,2,3-triazol-4-yl)methyl)oxime 

29) 

FT-IR (cm 

-1 ): 3039, 3026, 3004, 2986, 2942, 2898 (C 

–H stretch- 

ng); 1639 (C 

= N stretching); 3159 (N 

–H stretching). 1 H NMR 

DMSO–d6):( δ) ppm: 4.72 (d, J 2a,3a = 10.55 Hz, 1H, H2a), 4.20 

d, J 6 a,5e = 2.44 Hz; 1H, H6a), 2.71 (sextet, 1H, H3a), 2.24 (sex- 

et, 1H, H5a), 1.02 (d, 3H, 5-CH 3 , J = 6.89 Hz); 0.92 (d, 3H, 3-

H 3 , J = 6.65 Hz); 7.81–7.34 (m, 13H, aryl protons), 2.34 (s, 6H, 

- CH 3 ), 6.06 (s, 2H, -O-C H 2 - ), 7.18 (s, 1H, H-4 triazole). 13 C NMR

DMSO–d 6 ): ( δ) ppm: 88.31 (C2), 79.15 (C6), 45.15 (C3), 38.52 (C5), 

61.21 (C 

= N), 11.27 and 11.18 (3-CH 3 and 5-CH 3 ); 21.01 ( p- CH 3 );

42.89 (C-4 at triazole), 119.04 (C5 at triazole), 62.09 (O 

–CH 2 ), 

50.52, 142.02, 139.85, 139.13, 129.40, 128.94, 127.98, 123.4, 120.23 

aryl carbons). Anal. Cal.(Found) for C 30 H 32 N 4 O 2 (481.41) C, 74.97 

74.16); H, 6.71(6.98); N, 11.66 (11.42). Yield 70%, m.p: 278–279 °C. 
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.4.6. 3,5-Dimethyl-2,6-bis(p-methoxyphenyl) −4H-pyran-4-one 

-((1-phenyl-1H-1,2,3-triazol-4-yl)methyl)oxime (30) 

FT-IR (cm 

-1 ): 3068, 3046, 3034, 2886, 2982, 2898, (C 

–H stretch- 

ng); 1636 (C 

= N stretching); 3165 (N 

–H stretching). 1 H NMR 

DMSO–d6):( δ) ppm: 4.74 (d, J 2a,3a = 10.50 Hz, 1H, H2a), 4.24 

d, J 6 a,5e = 2.40 Hz; 1H, H6a), 2.71 (sextet, 1H, H3a), 2.13 (sex- 

et, 1H, H5a), 1.10 (d, 3H, 5-CH 3 , J = 7.00 Hz); 0.94 (d, 3H, 3-

H 3 , J = 6.46 Hz); 3.89 (s, 6H, p OCH 3 –); 6.89–7.62 (m, 13H, aryl

rotons), 6.41 (s, 2H, -O- CH 2 - ) 7.28 (s, 1H, H-4 triazole). 13 C NMR

DMSO–d 6 ): ( δ) ppm: 87.83 (C2), 79.12 (C6), 46.05 (C3), 37.15 (C5), 

9.45 (-O-CH 2 ), 142.98 (C-4 at triazole), 119.15 (C5 at triazole), 

61.46 (C 

= N), 11.78 and 11.61 (3-CH 3 and 5-CH 3 ); 56.36 ( p OCH 3 –);

59.24, 151.02, 142.11, 138.87, 138.12, 129.47, 127.34, 126.98, 112.54 

aryl carbons). Anal. Cal.(Found) for C 30 H 32 N 4 O 4 (513.24) C, 70.70 

70.10); H, 6.51 (6.78); N, 10.64 (10.15). Yield 65%, m.p: 262–263 °C 

.5. Synthesis of 2,6-diphenyltetrahydro-4H-pyran-4-one 

-((3-(4-chlorophenyl) isoxazol-5-yl)methyl) oximes (31–36) 

Equal amounts of (1.5 mmol) O-ethynyl oximes (19–24) and 

xime were dissolved in a 20 mL of 1:1 tert–BuOH/H 2 O mixture. 

he, 5 mol% copper(II)sulfate pentahydrate and 15 mol% sodium 

scorbate were added in the solution mixture. The reaction mix- 

ure was stirred for 12-16 h at 40 °C to give residue. The residue

as collected by filtration, washed by water, dried and purified by 

olumn chromatography to afford the target compounds. 31–36, in 

8–90% yields. 

.5.1. 3-Methyl-2,6-diphenyltetrahydro-4H-pyran-4-one-O-((3-(4- 

hlorophenyl)isoxazol-5-yl)methyl) oxime 

31) 

FT-IR (cm 

-1 ): 3045, 3036, 3024, 2996, 2942 (C 

–H stretch- 

ng); 1556 (C 

= N stretching). 1 H NMR (CDCl 3 ):( δ) ppm:: 4.21 (d, 

 2a,3a = 10.51 Hz, 1H, H2a), 4.63 (d, J 5a,6a = 10.8, Hz, 1H, H6a), 3.27

sextet, 1H, H3a), 2.88 (t, 1H, H5a), 3.89 (d, J 5a,5e = 12.2 Hz, 1H,

5e), 0.91 (d , J 3a ,Me = 6.7 Hz, 3H, -CH 3 at C3), 5.91 (d, J = 2.0 Hz,

H, –O 

–CH 2 ), 7.89 (dd, 2H, H-2 ′ ), 7.45 (dd, 2H, H-3 ′ ), 7.31–7.33 (M,

H, H-3 ′ ), 7.46 (d, 4H, H-2 ′′ , H-6 ′′ ), 7.20–7.33 (m, 6H, H-2 ′′ ’, H-

 

′′ ’,H-2 ′ ’’’, H-6 ′ ’’’) 7.12 (s, 1H, CH), 5.55 (s, 2H -O-CH 2 ); 
13 C NMR

CDCl 3 ): ( δ) ppm: 86.88 (C2), 77.78 (C6), 61.58 (C3), 49.61 (C5), 

1.78 (CH 3 at C3), 158.98 (C 

= N), 150.11, 141.95, 145.10, 144.45, 

28.44, 127.89, 126.84, 126.5, 125.84, 125.18, 124.67 (aryl carbons). 

 M + H ] + C 28 H 25 N 2 ClO 3 (473.11). Yellow powder, yield 85%, m.p:

65–266 °C 

.5.2. 3-Ethyl-2,6-diphenyltetrahydro-4H-pyran-4-one 

-((3-(4-chlorophenyl)isoxazol-5-yl)methyl) oxime (32) 

FT-IR (cm 

-1 ): 3042, 3029, 2997, 2952, 2878, 2843 (C 

–H stretch- 

ng); 1555 (C 

= N stretching); 3179 (N 

–H stretching). 1 H NMR 

CDCl 3 ):( δ) ppm: 4.37 (d, J 2a,3a = 10.7 Hz, 1H, H2a), 4.58 (d,

 5a,6a = 10.1, Hz, 1H, H6a), 3.35 (m, 1H, H3a), 2.17 (d, J = 12.80 Hz,

H, H5a), 3.18 (d, J 5a,5e = 12.8 Hz, 1H, H5e), 1.61(m, 1H, H of

C H H’ of C-7), 1.11 (m, H, H’ of C-7), 0.88 (t, 3H, -CH 3 at C-

), 7.12 (s, 1H, CH), 5.58 (s, 2H -O-CH 2 ), 7.51 (m, 4H, H-2 ′′ , H-

 

′′ ), 7.28–7.39 (m, 10H, aryl protons). 13 C NMR (CDCl 3 ): ( δ) ppm:

6.22 (C2), 80.84 (C6), 69.78 (C3), 57.17 (C5), 18.81 (- CH 2 –CH 3 ) 

2.51 (- CH 2 –CH 3 ), 160.41 (C 

= N), 151.04, 144.36, 143.47, 141.73, 

28.70, 127.68, 128.52, 127.33, 127.14, 122.23 (aryl carbons). Anal. 

al.(Found) for C 29 H 27 ClN 2 O 3 (487.19) C, 71.52 (71.13); H, 5.59 

5.21); N, 5.75 (5.19). Yellow powder, yield 85%, m.p: 268–269 °C 

.5.3. 3,5-Dimethyl-2,6-bis(p-chlorophenyl) −4H-pyran-4-oneO-((3-(4- 

hlorophenyl) isoxazol-5-yl)methyl)oxime 

33) 

FT-IR (cm 

-1 ): 3038, 3026, 3004, 2986, 2942, 2898 (C 

–H stretch- 

ng); 1536 (C 

= N stretching); 3159 (N 

–H stretching). 1 H NMR 
15 
CDCl 3 ):( δ) ppm: 4.73 (d, J 2a,3a = 10.40 Hz, 1H, H2a), 4.32 (d, 

 6 a,5e = 2.42 Hz; 1H, H6a), 2.71 (sextet, 1H, H3a), 2.13 (sextet, 

H, H5a), 1.19 (d, 3H, 5-CH 3 , J = 7.05 Hz); 0.99 (d, 3H, 3-CH 3 ,

 = 6.10 Hz); 7.49–7.38 (m, 8H, aryl protons), 7.12 (s, 1H, CH), 5.58 

s, 2H -O-CH 2 ), 
13 C NMR (CDCl 3 ): ( δ) ppm: 88.72 (C2), 78.12 (C6),

6.25 (C3), 37.19 (C5), 160.36 (C 

= N), 11.69 and 11.40 (3-CH 3 and 5- 

H 3 ); 150.25, 141.15, 139.87, 139.05, 129.47, 127.34, 126.98, 121.45 

aryl carbons). [ M + H ] + C 29 H 25 Cl 3 N 2 O 3 555.09. Yellow powder,

ield 80%, m.p: 288–289 °C 

.5.4. 3,5-Dimethyl-2,6-bis(p-bromophenyl) −4H-pyran-4-oneO-((3- 

4-chlorophenyl) isoxazol-5-yl) methyl) oxime 

34) 

FT-IR (cm 

-1 ): 3041, 3038, 3020, 2986, 2942, 2898 (C 

–H stretch- 

ng); 1540 (C 

= N stretching); 3150 (N 

–H stretching). 1 H NMR 

CDCl 3 ): ( δ) ppm: 4.81 (d, J 2a,3a = 10.50 Hz, 1H, H2a), 4.28

d, J 6 a,5e = 2.51 Hz; 1H, H6a), 2.77 (sextet, 1H, H3a), 2.11(sex- 

et, 1H, H5a), 1.11 (d, 3H, 5-CH 3 , J = 7.00 Hz); 0.83 (d, 3H,

-CH 3 , J = 6.39 Hz); 7.22 (s, 1H, CH), 5.51 (s, 2H -O-CH 2 ),
3 C NMR (CDCl 3 ): ( δ) ppm: 87.89 (C2), 78.84 (C6), 45.29 (C3), 

8.08 (C5), 159.16 (C 

= N), 11.31 and 11.22 (3-CH 3 and 5-CH 3 ); 

51.32, 140.15, 139.07–124.98 (aryl carbons). Anal. Cal.(Found) for 

 29 H 25 Br 2 ClN 2 O 3 (644.99) C, 54.02 (53.96); H, 3.91 (4.01); N, 4.34 

4.24). Yield 78%, m.p: 291–292 °C 

.5.5. 3,5-Dimethyl-2,6-bis(p-methylphenyl) −4H-pyran-4-one 

-((3-(4-chlorophenyl) isoxazol-5-yl)methyl) oxime (35) 

FT-IR (cm 

-1 ): 3069, 3056, 3024, 2996, 2962, 2898 (C 

–H stretch- 

ng); 1536 (C 

= N stretching); 3169 (N 

–H stretching). 1 H NMR 

CDCl 3 ):( δ) ppm: 4.71 (d, J 2a,3a = 10.55 Hz, 1H, H2a), 4.19 (d, 

 6 a,5e = 2.46 Hz; 1H, H6a), 2.70 (sextet, 1H, H3a), 2.14 (sextet, 

H, H5a), 1.08 (d, 3H, 5-CH 3 , J = 6.80 Hz); 0.96 (d, 3H, 3-CH 3 ,

 = 6.55 Hz). 7.41–7.34 (m, 8H, aryl protons), 2.31 (s, 6H, p- CH 3 ),

.22 (s, 1H, CH), 5.51 (s, 2H -O-CH 2 ), 
13 C NMR (CDCl 3 ): ( δ) ppm:

8.21 (C2), 80.02 (C6), 45.52 (C3), 38.12 (C5), 168.07 (C 

= O), 161.21 

C 

= N), 11.27 and 11.18 (3-CH 3 and 5-CH 3 ); 21.01 ( p- CH 3 ); 150.52,

42.02, 139.85, 139.13, 129.40, 128.94, 127.98, 123.4, 120.23 (aryl 

arbons). Anal. Cal.(Found) for C 31 H 31 ClN 2 O 3 (515.20) (%) C, 72.29 

72.10); H, 6.07 (6.12); N, 5.44 (5.34). Yield 80%, m.p: 261–262 °C 

.5.6. 3,5-Dimethyl-2,6-bis(p-methoxyphenyl) −4H-pyran-4-one 

-((3-(4-chlorophenyl) isoxazol-5-yl)methyl)oxime (36) 

FT-IR (cm 

-1 ): 3032, 3022, 3014, 2986, 2942, 2898 (C 

–H stretch- 

ng); 1556 (C 

= N stretching); 3180 (N 

–H stretching). 1 H NMR 

CDCl 3 ):( δ) ppm 

: : 4.84 (d, J 2a,3a = 11.50 Hz, 1H, H2a), 4.34 (d,

 6 a,5e = 2.45 Hz; 1H, H6a), 2.76 (sextet, 1H, H3a), 2.11 (sextet, 

H, H5a), 1.11 (d, 3H, 5-CH 3 , J = 7.10 Hz); 0.97 (d, 3H, 3-CH 3 ,

 = 6.36 Hz); 3.88 (s, 6H, p OCH 3 –); 6.91–7.53 (m, 8H, aryl protons),

.57 (s, 2H -O-CH 2 ). 
13 C NMR (CDCl 3 ): ( δ) ppm: 89.13 (C2), 80.12

C6), 48.05 (C3), 37.15 (C5), 159.46 (C 

= N), 11.71 and 11.65 (3-CH 3 

nd 5-CH 3 ); 56.32 ( p OCH 3 –); 159.14, 151.08, 142.11, 138.87, 138.12, 

29.47, 127.34, 126.98, 112.54 (aryl carbons). Anal. Cal.(Found) for 

 31 H 31 ClN 2 O 5 (547.19) (%) C, 68.06 (68.12); H, 5.71 (5.78); N, 5.12

4.98). Yield 80%, m.p: 301–302 °C. 

.6. Antimicrobial studies 

The in vitro antimicrobial activity of the target compounds was 

ested against a set of bacterial and fungal strains according to the 

eported method [53] . The microbroth dilution method was ap- 

lied for minimum inhibitory concentration (MIC) determination. 

ll experiments were performed in three biological replicates. A 

tock solution was prepared by dissolving 10 mg of the hydrochlo- 

ide salt of each compound (10 mg) in 1 mL of distilled water or 

elated culture media as solvent and then sterilized by a microbial 
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lter with a 0.22 m pore size. The minimum inhibitory concentra- 

ions (MICs) were recorded by visual observations after 24 h (for 

acteria) and 72-96 h (for fungi) of incubation. Streptomycin and 

mphotericin B were used as standards. 

.7. Anti-tuberculosis study 

All the target compounds were assayed for their antitubercu- 

ar activity against M. tubercul osis H 37 Rv by the Resazurin As- 

ay Method [ 54 , 64 ] followed by Middlebrook 7H9 broth, supple- 

ented with 10% OADC, used to determine the MIC. Stock solu- 

ions (2 g/mL) of the test compounds were prepared in dimethyl- 

ormamide (DMF). In 96-well plates, two-fold serial dilutions were 

repared, yielding concentrations ranging from 10 to 100 g/mL. 

thambutol (EMB), pyrazinamide (PZA), and isoniazid (INH) were 

sed as standard drugs. The cultures were incubated at 37 C for 7 

ays. 20 mL of 0.01% Resazurin in water was added to each tube. 

esazurin, a redox dye, is blue in the oxidised state and turns pink 

hen reduced by the growth of viable cells. 

.8. DNA gyrase ATPase assays 

The Inspiralis test kit was used to perform the DNA gyrase 

TPase assay. 96-well plates with assay buffer, 400 mM NADH, 

00 mM phosphoenolpyruvate, and 1.5 mL phosphokinase / lactate 

ehydrogenase; linear pBR322 (3 mL), PEP (1 mL), NADH (2 mL), 

nd water1X (45.8 mL). Next, 10 mL of each of the inhibitors and 

nzyme were introduced. After 10 min at 25 °C, the absorbance of 

he plates was measured at OD 340 nm. The reaction was then ini- 

iated by adding 6.7 mL of ATP to each well after turning off the 

late reader. Once again placed in the plate reader, the absorbance 

as calculated. 

.9. Cytotoxicity assay 

The MTT assay was used to test active compounds for their cy- 

otoxic effects on peripheral blood mononuclear cells [ 65 , 66 ] to 

nsure selectivity. The cell lines were cultured in a standard cell 

ulture environment at 37 °C in an atmosphere that was 95% hu- 

idified air and contained 5% CO 2 . In a single experiment, each 

oncentration was tested in duplicate. The GI50 values were calcu- 

ated using OriginPro Software . 

.10. Selectivity index (SI) 

The selectivity index was calculated by the concentration of 

I50 of each cell line being subtracted by M. tubercul osis minimum 

nhibition (MIC). 

.11. Molecular docking 

The LigandFit method was used for the molecular docking 

tudy, which can operate either flexible or rigid docking based on 

he conformational state of the ligand. The small drug molecules 

re docked into the protein’s active site by stabilizing their shapes 

n Ligand-Fit dock. The protein data bank was utilized to acquire 

he three-dimensional structure of InhA bound triclosan ( PDB ID: 

FNG ). The solvent molecules in the active site were kept, while 

he remaining water molecules were eliminated. A maximum of 

en poses are kept based on the root mean square deviation. The 

igand Fit module’s consensus scoring function was used to se- 

ect the best leads from the molecular docking study. The virtual 

creening set compounds’ final hits are docked into the triclosan 

ctive site with flexibility. The best molecules were chosen based 

n the consensus scoring function, their interaction with critical 

esidues, and their expected activity. 
16
.11.1. Ligand preparation 

Chem Draw Ultra 12.0 was used to generate the ligands, which 

ere then given the proper 2D configuration. Chem 3D Ultra 12.0, 

asteiger charges, non-polar hydrogen atoms, and rotatable bonds 

ere then generated with Auto-Dock 4.2 tools. A maximum of 10 

onformers for each compound were considered for docking with 

uto Dock Vina. 

.12. Predictions of in silico ADME 

The drug-likeness, toxicity risk, TPSA (topological surface area), 

LogP, logS (solubility), MW (molecular weight), and total drug- 

core of the target title compounds were examined using swis- 

ADME and OSIRIS in order to screen compounds with favorable 

rug-like properties. Compounds with favorable drug-like proper- 

ies and no toxic fragments (mutagenic, tumorigenic, irritating, or 

eproductive effects) also that predicted. 
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