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Abstract

Direct acting antiviral drugs (DAADs) are becoming therapeutics of choice for the treatment of 

viral infections. Successful development of anti HIV and HCV drugs by targeting the viral 

proteases has provided impetus for discovering newer DAADs. Dengue virus (DENV) protease, 

which is composed of two nonstructural proteins, NS2B and NS3pro, can be likewise exploited 

for discovering new anti-dengue therapeutics. In this study, we have linked together two 

pharmaceutically interesting motifs, namely 1,3,4-oxadiazole and benzenesulfonamide in two 

alternative series to develop novel S-benzylated and S-alkylphthalimidated hybrids. For the first 

series of hybrids, 4-aminobenzoic acid (1) was reacted with substituted benzenesulfonyl 

chlorides via its amino group, whereas the carboxylic acid side was elaborated to sulfonamido-

1,3,4-oxadiazole-2-thiols (6a/b) in three steps. At this stage, the intermediates 6a/b were 

bifurcated to either S-alkylphthalimidated (8a-j) or S-benzylated (9a-c) hybrids by reacting with 

corresponding halides. For the alternative series of hybrids, the carboxylic acid group of 

probenecid (10) was similarly elaborated to sulfonamido-1,3,4-oxadiazole-2-thiols (13), and 

diverged to S-alkylphthalimidated (14a-f) and S-benzylated hybrids (15a-e). Bioactivity assays 

demonstrated that 8g and 8h are the most potent inhibitors among the synthesized analogs, 

exhibiting the IC50 values of 13.9 and 15.1, respectively. Computational assessment 

predicted the binding of the inhibitors at an allosteric site developed in the open conformation of 

DENV2 NS2B/NS3pro. Taken together these findings point out that the synthesized hybrid 

inhibitors possess a great potential for further antiviral drug development.
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1. Introduction
Recent decades have witnessed a sudden rise in flaviviral infections in tropical and 

subtropical regions, with a potential of penetrating into remote areas due to international travel 

and trade. Particularly, the infections caused by dengue virus (DENV) and Zika virus (ZIKV) 

have raised major public health concerns [1-4]. Epidemiological data suggest that the DENV 

infections affect approximately 400 million people each year globally [1]. Clinical symptoms of 

DENV infection range from a mild self-limited fibril illness to the fatal dengue hemorrhagic 

fever (DHF) and dengue shock syndrome (DSS) [5]. In the recent epidemic outbreaks, four 

serotypes of DENV (DENV1-4) have been detected along with the emergence of a fifth one in 

Southeast Asia [6].

To date, no specific drug is available for the treatment of DENV infection. Although, 

Sanofi-Pasteur has developed a tetravalent dengue vaccine (CYD-TDV, Dengvaxia), which is 

licensed for clinical use in several endemic countries [7, 8], yet its effectiveness in general 

population has been questioned [9, 10]. Therefore, development of direct-acting antiviral drugs 

(DAADs) drugs for the treatment of DENV infection is highly demanded. In this regard, various 

viral factors have been proposed as drug targets [11, 12]; amongst them the complex 

NS2B/NS3pro is becoming a prominant target for discovering anti-dengue DAA therapeutics[13, 

14].

Previous efforts for discovering peptidic, peptidomimetic, and small molecule based 

inhibitors of DENV NS2B/NS3pro and closely related flaviviruses have been reviewed recently 

[13, 14, 15]. Despite the identification of several potent inhibitors of the protease [16], 

unfavorable pharmacokinetics and pharmacodynamic characteristics no inhibitor of DENV 

NS2B/NS3pro has hitherto entered the clinical trial. This predicament demands a continuous 

effort toward the screening of small organic molecules for discovering newer hits for the 

development of potent anti-dengue drug. Carrying on our efforts toward discovering novel 

inhibitors of DENV NS2B/NS3pro, we describe here results of newly synthesized oxadiazole-

sulfonamide hybrids.

1,3,4-Oxadiazoles are privileged structural scaffolds with diverse synthetic utility and broad 

spectrum of biological activities including anti-cancer [17], anti-mitotic [18], anti-inflammatory 

[19-23], antimicrobial [24-28], enzyme inhibitory [29-35] and others [36, 37]. Whereas, 

sulfonamides are another useful class of compounds having antibacterial, antimicrobial and 
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anticancer activities [38]. Presence of arylsulfonamide moiety at the P´-position has been found 

to enhance the inhibitory potential peptidomimetic inhibitors of hepatitis C virus [39]. 

Additionally, the replacement of the cleavage site peptide bond with a sulfonamide bond in 

peptide-based inhibitors of protease results in enhanced stability of the inhibitors against 

proteolytic degradation [40]. Recently, phthalimide containing sulfonamides have been reported 

as dengue virus protease inhibitors [41, 42, 43], along with other interesting biological activities 

[44-46]. Impressed by the biological profile of these structural scaffolds, we envisioned to 

combine these pharmacophores to synthesize novel S-benzyl-oxadiazole-benzene sulfonamides 

and S-alkylphthalimide-oxadiazole benzenesufon-amides. This article reports on the synthesis, 

bioassay screening against dengue protease (serotype-2), DENV2 NS2B/NS3pro, molecular 

docking analyses of these hybrids.

2. Results and discussion
2.1. Chemistry

The syntheses of the target S-alkylphthalimide-oxadiazole benzenesulfonamides (8a-j; 14a-

f) and S-benzyl-oxadiazole benzenesufonamides (9a-c;15a-e) were achieved by following a 

multistep synthetic approach as outlined in Scheme 1 and 2. For the synthesis of N-(4-(5-((1,3-

dioxoisoindolin-2-yl)alkylthio)-1,3,4-oxadiazol-2-yl)phenyl)-4-methyl benzenesulfonamide (8a-

j) and N-(4-(5-(trifluoromethyl substituted)benzylthio)-1,3,4-oxadiazol-2-yl)phenyl)-4-methyl 

benzene-sulfona-mide (9a-c), a common starting material 4-amino benzoic acid (1) was used. 

The reaction of 4-amino benzoic acid (1) with 4-methylbenzene-1-sulfonyl chloride (2a) or 4-

(trifluoromethyl)benzene-1-sulfonyl chloride (2b) in the presence of sodium carbonate provided 

4-(tosylamino) benzoic acid (3a) or 4-(4-(trifluoromethyl)phenylsulfonamido) benzoic acid (3b) 

in 82% and 86% yield, respectively [47]. The sulfonamide acids 3a, and 3b were esterified in 

methanol in the presence of sulfuric acid to obtain methyl 4-(4-methylphenyl-sulfonamido) 

benzoate (4a), and methyl 4-(4-(trifluoromethyl)phenylsulfonamido) benzoate (4b) in 83%  and 

80% yield, respectively. The hydrazinolysis of 4a and 4b with 80% hydrazine hydrate in 

methanol under reflux afforded 4- (4-methylphenyl-sulfonamido) benzohydrazide (5a) and 4-(4- 

(trifluoromethyl)phenylsulfonamido) benzohydrazide (5b) in 78% and 71% yield, respectively 

[48]. The hydrazide 5a and 5b were then treated with carbon disulfide and potassium hydroxide 

under reflux in methanol to afford 4-Methyl-N-(4-(5-thioxo-4,5-dihydro-1,3,4-oxadiazol-2-
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yl)phenyl) benzenesulfonamide (6a) and N-(4-(5-thioxo-4,5-dihydro-1,3,4-oxadiazol-2-

yl)phenyl)-4-(trifluoromethyl) benzenesulfonamide (6b) in 77% and 70% yield, respectively [49-

51]. Finally, the reaction of 6a and 6b with phthalimido-alkyl bromides 7́a-f or substituted 

benzyl bromides 7a-e in the presence of potassium carbonate in acetone at room temperature 

resulted in the synthesis of the desired structures 8a-j and 9a-c in decent overall yields [52] 

(Scheme 1).
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Scheme 1. Synthetic route of 8a-j and 9a-c from 4-aminobenzoic acid (1).

The target compounds and intermediates were purified by recrystallization and the final 

products were characterized by 1H & 13C NMR spectroscopy, FT-IR, and CHNS analyses. In the 
1HNMR, NH proton of 8a-j and 9a-c displayed a characteristic broad singlet at δ 11.13-10.71 

ppm. The twelve aromatic protons of 8a-j and 9a-c were located in the range of δ 8.05-7.06 ppm. 

The singlet corresponding to CH3 group on the phenyl ring of 8a-d and 9a-c appeared between δ 

2.32-2.31 ppm. The singlet for two protons of S-CH2 group in compounds 8a and 8e was found 

at δ 5.28 and 5.31 ppm, respectively whereas, the singlet for S-CH2 protons of 9a-c showed up in 

the range of δ 4.68-4.62 ppm. Similarly, in compounds 8b-d and 8f-j a triplet in the range of δ 

3.56-3.24 ppm corresponded to two protons of N-CH2. All the remaining methylene groups 
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present between the S-CH2 and N-CH2 group of 8c-d and 8g-j were found as multiplets in the 

range of δ 2.21-1.29 ppm. In 13C NMR, the two carbonyl signals of phthalimido group were 

located between δ 168-164 ppm. The two oxadiazole carbons were present between δ 160-165 

ppm and δ 140-145 ppm. All the aromatic carbons of 8a-j and 9a-c were obtained in the range of 

δ 141-118 ppm. All the aliphatic carbons were observed below δ 50 ppm. 

For the synthesis of 4-(5-((1,3-dioxoisoindolin-2-yl)alkylthio)-1,3,4-oxadiazol-2-yl)-N,N-

dipropyl benzenesulfonamide (14a-f) and 4-(5-(substituted)benzylthio)-1,3,4-oxadiazol-2-yl)-

N,N-dipropyl benzenesulfonamide (15a-e), we followed the similar synthetic route; however, by 

using a different starting material, i.e. probenecid (10) containing an n-propylsulfonamide 

moiety. Thus, esterification of 10 was followed by hydrazinolysis of the resulting ester 11 with 

80% hydrazine hydrate in methanol under reflux to afford 4-(dipropylsulfamoyl)benzo-hydrazide 

(12) in 76% yield. The cyclization of 12 was accomplished with CS2/KOH/MeOH system under 

refluxing conditions to afford N,N-dipropyl-4-(5-thioxo-4,5-dihydro-1,3,4-oxadiazol-2-yl) 

benzenesulfonamide (13) in 73% yield. The synthetic route was again bifurcated at this stage in 

the two series 14a-f and 15a-e by reaction of 13 with phthalimido-alkyl bromides 7́ a-f and 

substituted benzyl bromides 7a-e in the presence of potassium carbonate in acetone at room 

temperature, in fairly good yields (Scheme 2).

The 1HNMR of compounds 14a-f displayed the characteristic peaks for two isopropyl 

groups and two aromatic rings. In addition, the singlet for S-CH2 group of 14a was found at δ 

5.42 ppm. The triplets for the S-CH2 and N-CH2 group of 14b-f were present in the range of δ-

3.64-3.31 ppm and δ 4.23-3.69 ppm, respectively. The multiplet for the CH2 group present 

between S-CH2 and N-CH2 group of 14c was found at δ 2.34-2.27 ppm. The four protons of two 

methylene groups of compound 14d present between S-CH2 and N-CH2 group were obtained as a 

multiplet at δ 1.97-1.87 ppm. The other protons of remaining methylene groups of 14e and 14f 

were found between δ 1.93-1.56 ppm. The 13C NMR spectrum of 14a-c revealed characteristic 

peaks for two carbonyl carbons between δ 166-164 ppm, two oxadiazole carbons at around δ 162 

and 143 ppm, aromatic carbons between δ 138- 120 ppm and aliphatic carbons below δ 50 ppm. 
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Scheme 2. Synthetic route of 14a-f and 15a-e from probenecid (10).

In addition to the characteristic signals of the n-propyl group in 1H NMR spectra, 

compounds 15a-e showed peaks for aromatic protons between δ 8.23-7.62 ppm and singlets for 

two benzylic protons between δ 4.76-4.58 ppm. Similarly, 13C NMR for compounds 15a-e 

showed peaks for carbonyl groups, aromatic carbons, oxadiazole carbons and n-propyl carbons. 

The benzylic carbons were found between δ 39-33 ppm.

2.2 DENV2 protease activity

All the synthesized compounds were tested for DENV2 protease inhibitory activity by using 

the recombinant Gly4-Ser-Gly4 linked NS2B/NS3pro [53] in the presence of fluorogenic Bz-Nle-

Lys-Arg-Arg-AMC substrate. The assay measures the cleavage of the fluorescent tag, 7-amino-

4-methylcoumarine (AMC) from the substrate as a function of time. A dose of 50 of each of 

the sulfonamide-oxadiazol hybrids was incubated with 100nM protease and reduction in the 

fluorescence was deemed as the inhibition of the protease. A separate experiment was run to 

measure background fluorescence originating from the synthetic compounds or quenching of 

AMC by the compounds to rule out the false positive inhibition (data not shown). None of the 
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tested compounds showed any significant background fluorescence or quenching effect under the 

conditions used for these experiments. Moreover, the enzymatic reactions of potent inhibitors 

were repeated by replacing the zwitterionic detergent with non-ionic detergent to rule out the 

possibility of false positive hit due to aggregation of compounds.

The hybrids containing S-alkylphthalimide moiety, i.e. 8 and 14 demonstrated overall a 

better inhibition than the S-benzylated analogs, as shown in Fig. 1 (A & C versus B & D). 

Presence of trifluoromethyl (CF3) moiety on the benzene ring of sulfonamide moiety in 8e-j 

seems to improve the inhibition of the protease as compared to the methyl moiety in 8a-d (Fig 1, 

A); however, the inhibitory activity is strictly depended on the length of the alkyl chain flanking 

between the phthalimide and oxadiazole moieties. The analogs containing shorter alkyl chain 

(n=1, 2) in 8 and 14 showed <50% inhibition at 50 concentration.  The most potent inhibition 

Fig. 1. Inhibition of DENV2 NS2B/NS3pro by S-alkylphthalimide- (A,C) and S-benzyl-
sulfonamide-oxadiazole hybrids (B, D). A dose of 50 M of the hybrids was incubated in the 
presence of 100 nM recombinant DENV2 NS2B/NS3pro, 5M tetrapeptide-AMC substrate in 
a Tris buffer at pH 9.5. Time dependent release of fluorescent AMC tag was measured for 30 
min and compared with the control, which was run in the absence of the hybrid under the 
same assay conditions.  The results are reported as percentage of inhibition.

A B

C D
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of the DENV2 NS2B/NS3pro (>90%) was demonstrated by 8g, with a propyl group (n =3) 

between them.

The n-propyl sulfonamide-oxadiazol-phthalimide hybrids (14a-f) (Fig. 1, C) also showed the 

alkyl-chain dependent inhibitory activity. The analogs 14c-f containing the alkyl chain with n=3-

6 demonstrated similar inhibitions (~ 60 to 70%) of the protease, indicating similar mode of 

binding with the protease as exhibited by 8i-j.

Interestingly, the introduction of trifluoromethyl (CF3) moiety in the S-benzyl group in 9a-c 

(Fig. 1, B) enhanced the inhibition up to ~80%, regardless the position of CF3 on the aromatic 

ring. The inhibitory activity of the S-benzylated analogs was reduced significantly, even in the 

presence of the CF3 moiety in the n-propylsulfonamide hybrids 15a-e (Fig. 1, D).

The hybrids showing close to or better than 70% DENV2 NS2B/NS3pro inhibition were further 

tested in the dose response experiments. A 3-fold serial dilution of the compounds, ranging from 

150 to 620nM was screened in triplicate. The kinetic data were fit into the dose response 

model embedded in Graphpad Prism software (version 7.0). Half-maximal inhibitory dose of all 

selected hybrids was observed within a range of approximately 14 to 45 concentration. As 

Fig. 2. Dose response of selected hybrids for the inhibition of DENV2 NS2B/NS3 protease 
activity. Three-fold serial dilution of selected hybrids were screen between 150M and 
620nM concentration in DENV2 NS2B/NS3pro assay in triplicate.
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shown in Table 1 and Fig 2, 8g and 8h demonstrated promising inhibitory profiles with IC50 

values of 13.9 ± 1.4 and 15.1 ± 1.3, respectively. When experiments were conducted in 

the presence of nonionic detergent Brij35, both compounds 8g and 8h showed IC50 values of 

14.1+ and 16.3+1.1, respectively. 

Table 1.

Activity and predicted binding free energy of the selected S-alkylphthalimide-oxadiazole-

sulfonamide inhibitor against DENV2 NS2B/NS3pro.

Compound Inhibition (%)a IC50 () Docking score (kcal/mol)

8d 71.7 ± 2.9 44.3 ± 1.5 -6.9

8g* 99.9 ± 1.3 13.9 ± 1.4 (14.1+1.5) -9.0

8h* 77.6 ± 2.1 15.1 ± 1.3 (15.7+1.1) -8.8

9a 83.9 ± 1.3 25.2 ± 1.2 -8.6

9b 80.4 ± 1.7 23.9 ± 1.2 -8.6

9c 80.8 ± 1.0 24.0 ± 1.6 -8.6

14d 74.8 ± 1.0 23.9 ± 1.3 -6.8

Aprotinin

(control, 5 )

~99.8 ± 0.8 0.026 ± 0.003 -11.0

aPercentage of inhibition was measured in triplicate by using a single dose (50 ) of the test 
compound.
*The IC50 value for the compound 8g and 8h was within 5% error when experiments were conducted 

in the presence of nonionic detergent Brij35 as shown in the parenthesis. 
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Fig 3. Mode of inhibition. Lineweaver-Burk plots showing non-competitive inhibition of 
DENV2 NS2B/NS3pro in the presence of 8g (A) and 8h (B). Initial rates of enzymatic reactions 
were measured at varying concentration of the substrate (4.6-60 ) in the absence () and in 
the presence of 10  (x) and 20  (o) of inhibitors. Each data point is a mean of three 
replicates and error bars show the standard deviation of the replicates.

Mode of inhibition of the protease by 8g and 8h was determined by measuring the protease 

activity at varying concentrations (4.6-60) of the tetrapeptide substrate in the presence of 

different concentrations of the inhibitors (0, 10, 20 ). The data obtained were fitted to the 

Lineweaver-Burk model and the linear plots corresponding to the different concentrations of 8g 

and 8h were found to be passing through different y-intercepts, but intercepting at the same point 

on the negative x-axis. This indicated further that no change in the value of KM of the protease 

(31.3 ± 4.5 ) occurred in the presence of different amounts of the inhibitors; however the Vmax 

was reduced in response to the higher concentration of the inhibitor. Therefore, from the kinetics 

analysis, we concluded a non-competitive type inhibition by these inhibitors, with Ki values of 

12.3 ± 3.8  and 13.8 ± 5.1 , for 8g and 8h, respectively (Fig 3). 

To get an insight into atomic level details of binding of the synthesized inhibitors to DENV2 

NS2B/NS3pro, we performed molecular docking assessments by using AutoDock Vina [54]. For 

this purpose, we used the recently reported co-crystal structure of DENV2 NS2B/NS3 protease 

(PDB ID: 6MO0) containing a bound inhibitor [55]. The docking files for the receptor (protease) 

and the selected inhibitors were prepared in AutoDock Tool. As shown in the Fig 4 and Table 1, 

A B
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all of the tested compounds were found to bind with favorable binding energies (between -9.0 to 

-6.8 kcal/mol) at an allosteric allosteric cleft between two -sheets in the open conformation of 

the protease. The polar sulfonamide and oxadiazol moieties of the docked structures were found 

to be pointing away from the cavity in the solvent exposed side. In all of the docked models, the 

N-atoms of the Trp-83 and Asn-167 exhibited H-bonding with the O-atoms of the carbonyl of 

the phthalimide moiety. However, another dipole-dipole interaction is observed between the 

hydroxyl group of Thr-118 and the trifluoromethyl group of 8g. This interaction seems to be 

absent in 8h and 8d, most probably due to longer alkyl chains (n=4 in 8h, and n=6 in 8d). A 

number of residues in the cleft shown hydrophobic interactions with the non-polar parts of the 

inhibitors. The docking data demonstrated the synthesized inhibitors are allosteric in nature and 

have potential to bind at the open conformation of DENV2 protease. Similar computational 

binding interactions were also observed when other crystal structures of DENV2 NS2B/NS3pro 

(e.g., 2FOM) were used in the docking analyses (data not shown). To the best of our knowledge, 

all of the reported crystal structures from the DENV2 NS2B/NS3pro have an under-developed 

substrate binding site in the so-called open conformation. Therefore, the estimated binding 

interactions could be biased toward the allosteric site. To minimize this bias, we also conducted 

the docking analyses by using the crystal structure of DENV3 NS2B/NS3pro (3U1I), having a 

fully developed substrate binding site (closed conformation). With the exception of a loop 

comprising of Gly151 to Glu171 residues and located near the allosteric site, both the structures 

depicted by 3U1I and 6MO0 align very well. The loop Gly151-Glu171 seems highly dynamic in 

the open conformation of the protease and thus did not show significant electron density in the 

crystal structure 6MO0; however, it is very well resolved in the closed conformation (crystal 

structure 3U1I). Docking analyses of 8g and 8h by using the closed conformation of 3U1I 

showed that both of the inhibitors bind at the same allosteric site with slightly weaker binding 

energies (~ -8.0 kcal/mol), probably due to the closeness of the G151-Glu171 loop. 

Computational assessment, therefore, indicated that the inhibitors 8g and 8h have higher affinity 

towards the open conformation of the protease for binding at the allosteric site, and corroborated 

their non-competitive behavior in the enzyme inhibition assays.  Interestingly, Yao et al. have 

very recently published an article reporting the inhibition and X-ray crystallographic data of 

allosteric inhibitors that also bind at the same cleft [55].  This finding demonstrated that our 
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synthesized hybrid inhibitors can be further developed into novel therapeutics for the treatment 

of DENV2 infections.
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Figure 4. Molecular docking interaction of 8g, 8h, and 8d with DENV2 NS2B/NS3pro. 
A,C,E) The protease is shown as blue cartoon, the residues showing hydrophobic interactions 
are shown as yellow surface, and those showing H-bonding as magenta colored sticks with the 
docked 8g (A), 8h (C), and 8d (E) as stick models. Interactions of the individual residues with 
8g, 8h, and 8d are depicted in LigPlot and shown in B, D, and F, respectively.
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 3. Experimental section

 3.1. Chemistry

3.1.1. General

All the laboratory grade chemicals and reagents were obtained commercially and used 

without further purification. Analytical grade solvents were used without drying/ distillation. 

Melting points were recorded in open capillaries using a Gallenkamp melting point apparatus 

(MP-D) and are uncorrected. All the reactions were monitored using thin layer chromatography, 

which was accomplished on Merck pre-coated plates (silica gel 60 F254, 0.25 mm) and 

visualized using fluorescence quenching under UV light (254 nm). 1H NMR and 13C NMR 

spectra were recorded on a Bruker AV-300 spectrometer (300 MHz). IR spectra were recorded 

on Shimadzu Fourier Transform Infra-Red spectrophotometer model using ATR (Attenuated 

Total Reflectance). Mass spectra were recorded on a Fisons VG Autospec X double-focusing 

mass spectrometer.

3.1.2. General procedure for the synthesis of 4- (4-alkylphenylsulfonamido)benzoic acid (3a-b)

A 250-mL single necked round bottom flask was charged with 4-aminobenzoic acid 2 

(30mmol) dissolved in 40 mL of aqueous sodium carbonate (60 mmol). A solution of respective 

sulfonyl chloride 1a-b (31mmol) in 25 mL of chloroform was added slowly and the mixture was 

stirred at room temperature for 4 hours. Aqueous layer was acidified with 2N HCl to precipitate 

pure 3a and 3b. 

3a: Colorless solid; yield: 82%; Rf 0.51 (n-hexane:ethylacetate, 6:4); mp: 232-234°C (lit. 

m.p. 230-232); 1H NMR (300 MHz, DMSO-d6  ppm 12.85 (bs, 1H, OH), 10.78 (s, 1H, NH), 

7.79 (d, J = 8.7 Hz, 2H, Ar-H), 7.70 (d, J = 8.4 Hz, 2H, Ar-H), 7.35 (d, J = 8.1 Hz, 2H, Ar-H), 

7.19 (d, 2H, J = 8.7 Hz, Ar-H), 2.32 (s, 3H, Ar-CH3); IR (cm-1): 3560-3400 (OH), 3320 (N-H), 

3025 (C-H, aromatic), 2823 (C-H, aliphatic), 1738 (C=O), 1348, 1158 (O=S=O).

3b: Colorless solid; yield: 86%; Rf 0.34 (n-hexane: ethylacetate, 6:4); m.p.: 298-300°C; 1H 

NMR (300 MHz, DMSO-d6  ppm 12.79 (bs, 1H, OH), 11.06 (bs, 1H, NH), 8.04 (d, J = 9 Hz 

2H, Ar-H), 7.96 (d, J = 9H, 2H, Ar-H), 7.83 (d, J = 9 Hz, 2H, Ar-H), 7.21 (d, J = 9 Hz, 2H, Ar-

H); 13C NMR (75MHz, DMSO-d6  ppm 167.12, 143.59, 141.83, 133.47, 133.04, 131.31, 

128.14, 127.26, 127.23, 127.18, 127.12, 126.62, 125.56, 121.95, 119.09. IR (cm-1): 3400 (OH), 

3263 (N-H), 3020 (C-H, aromatic), 2826 (C-H, aliphatic), 1673 (C=O), 1323, 1163 (O=S=O).
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3.1.3. General procedure for the synthesis of carboxylate esters (4a-b & 11)

The carboxylic acid 3a, 3b and 10 (0.02 mol) was dissolved in 30 mL of methanol and 

concentrated sulfuric acid (0.5 mL) and stirred at reflux temperature for 8-10 hours. The reaction 

mixture was concentrated at reduced pressure. The reaction mixture was neutralized with 

saturated aqueous sodium bicarbonate solution (150 mL) and extracted with ethyl acetate (3 x 50 

mL). The organic layer was dried over anhydrous sodium sulfate and concentrated to obtain pure 

products 4a, 4b and 11.

 4a: Colorless solid; yield: 83%; Rf 0.83 (n-hexane: ethylacetate, 6:4), m.p.: 204-206°C (lit. 

mp 202-204); 1H NMR (300 MHz, DMSO-d6  ppm 10.81 (s, 1H, NH), 7.81 (d, J = 8.7 Hz, 

2H, Ar-H), 7.70 (d, J = 8.1 Hz, 2H, Ar-H), 7.35 (d, J = 8.1 Hz, 2H, Ar-H), 7.20 (d, J = 9 Hz, 2H, 

Ar-H), 3.77 (s, 3H, OCH3), 2.32 (s, 3H, Ar-CH3); IR (cm-1): 3300 (NH), 3059, 3025 (C-H, 

aromatic), 2874 (C-H, aliphatic), 1691 (C=O), 1338 (asym), 1158 (sym) (O=S=O).

4b: Colorless solid; yield: 80%; Rf: 0.90 (n-hexane: ethylacetate, 6:4); m.p.: 162-163°C; 1H 

NMR (300 MHz, DMSO-d6  ppm 11.10 (bs, 1H, NH), 8.02 (d, J = 9 Hz, 2H, Ar-H), 7.96 (d, J 

= 9 Hz,2H, Ar-H), 7.86-7.83 (m, 2H, Ar-H), 7.26-7.22 (m, 2H, Ar-H), 3.77 (s, 3H, OCH3); 13C 

NMR (75 MHz, DMSO-d6  ppm 166.02, 143.52, 142.22, 133.51, 133.08, 131.21, 128.14, 

127.27, 127.24, 127.19, 127.13, 125.55, 125.38, 119.09, 52.43; IR (cm-1): 3400 (NH), 3066, (C-

H, aromatic), 2950 (C-H, aliphatic), 1692 (C=O), 1349 (asym), 1162 (sym) (O=S=O).

 11: Colorless solid; yield: 84%; Rf 0.77 (n-hexane: ethylacetate, 9:1); m.p.: 65-66°C; 1H 

NMR (300 MHz, chloroform-d  ppm 8.18-8.15 (m, 2H, Ar-H), 7.90-7.87 (m, 2H, Ar-H), 3.97 

(s, 3H, OCH3), 3.14-3.09 (m, 4H, N(CH2)2), 1.62-1.49 (m, 4H, N(CH2CH2CH3)2), 0.88 (t, J = 15 

Hz, 6H, (CH2CH3)2); 13C NMR (75 MHz, chloroform-d  ppm 165.76, 144.27, 133.41, 130.22, 

127.00, 52.61, 49.89, 21.91, 11.15; IR (cm-1): 3100, 3051 (C-H, aromatic), 2935, 2873 (C-H, 

aliphatic), 1726 (C=O), 1341 (asym), 1156 (sym) (O=S=O).

3.1.4. Synthesis of Carboxylic Acid Hydrazides (5a, 5b & 12)

To the solution of carboxylate esters 4a, 4b and 11 (0.02 mol) in 30 mL of methanol, 

hydrazine hydrate (80%, 0.06 m0l) was added. The reaction mixture was subjected to reflux for 

6-8 hours. The mixture was brought to the room temperature and cold water was added. The 

precipitated solid was filtered, dried and recrystallized from methanol to obtain pure compound.
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5a: Colorless solid; yield: 78%, Rf: 0.43 (Chloroform: acetone, 9:1); m.p.: 270-272°C; 1H 

NMR (300 MHz, DMSO-d6  ppm  10.58 (bs, 1H, NH), 9.60 (s, 1H, NH), 7,68 (dd, J = 8.4, 3.9 

Hz, 4H, Ar-H), 7.34 (d, J = 8.4 Hz 2H, Ar-H), 7.12 (d, J = 8.7 Hz, 2H, Ar-H), 4.43 (bs, 2H, 

NH2), 2.32 (s, 3H, Ar-CH3); IR (cm-1): 3340, 3290 (NH2), 3220, 3100 (N-H), 3048, 2940 (C-H, 

aromatic.), 2874 (C-H, aliphatic), 1650 (C=O), 1333 (asym.), 1153 (sym.) O=S=O.

5b: Colorless solid; yield: 71%; Rf: 0.58 (Chloroform: methanol, 9:1); m.p: 236-238°C. 
1HNMR (300 MHz, DMSO-d6  ppm: 10.59 (bs, 1H, NH), 9.63 (bs, 1H, NH), 8.02-7.95 (m, 

4H, Ar-H), 7.70 (d, J = 9 Hz, 2H, Ar-H), 7.15 (d, J = 9 Hz, 2H, Ar-H), 4.45(bs, 2H, NH2); 13C 

NMR (75 MHz, DMSO-d6  ppm 165.64, 143.69, 140.18, 133.39, 132.96, 129.39, 128.76, 

128.12, 127.14, 119.36; IR (cm-1): 3320, 3304 (NH2), 3130 (N-H), 3050, (C-H, aromatic.), 2936, 

2877 (C-H, aliphatic), 1666 (C=O), 1322 (asym.), 1159 (sym.) O=S=O.

12: Colorless solid; yield: 76%; Rf: 6.50 (n-hexane: ethyl acetate 6:4); m.p.: 116-118°C; 1H 

NMR (300 MHz, DMSO-d6  ppm 10.00 (s, 1H, NH), 7.98 (d, J = 9 Hz, 2H, Ar-H), 7.86 (d, J 

= 9 Hz, 2H, Ar-H), 4.59 (s, 2H, NH2), 3.04 (m, J = 15 Hz, 4H, N(CH2)2), 1.52-1.42 (m, 4H, 

(CH2CH2CH3)2), 0.80 (6H, t, J = 15 Hz (CH2CH3)2); 13C NMR (75 MHz, DMSO-d6  ppm 

164.94, 142.06, 137.31, 128.42, 127.29, 50.09, 22.09, 11.42. IR (cm-1): 3297, 3211 (NH2), 3086 

(N-H), 3036 (C-H aromatic.), 2964, 2873 (C-H, aliphatic), 1658 (C=O), 1328 (asym.), 1155 

(sym.) O=S=O.

3.1.5. Synthesis of 5-aryl-1,3,4-oxadiazole-2-thiols/thiones (6a-b & 13)

Hydrazide 5a, 5b & 12 (0.02 mol) were dissolved in methanol and a 20-mL of methanolic 

solution of potassium hydroxide (0.03 mole) was added. Carbon disulfide (0.06 mol) was added 

dropwise after 10 mints. The yellowish reaction mixture was subjected to reflux for 12-14 hours. 

The mixture was cooled to room temperature and concentrated than placed in ice cold water. 

Crude solid product precipitated out on treatment with dilute HCl up to pH 2. The precipitate 

was filtered and washed with warm water and recrystallized from methanol to afford pure 

oxadiazoles 6a, 6b and 13.

6a: Colorless solid; yield: 77%; Rf: 0.45 (Chloroform: methanol, 9:1); m.p.: 221-223°C; 1H 

NMR (300 MHz, DMSO-d6  ppm 14.68 (s, 1H, NH), 10.83 (s, 1H, NH), 7.73 (m, 4H, Ar-H), 

7.36 (d, J = 6 Hz, 2H, Ar-H), 7.27 (d, J = 9 Hz, 2H, Ar-H), 2.32 (s, 3H, Ar-CH3); 13C NMR (75 

MHz, DMSO-d6  ppm  177.65, 160.65, 144.21, 141.89, 136.79, 130.35, 127.93, 119.40, 
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117.75, 21.43; IR (cm-1): 3232 (NH), 3061 (C-H, aromatic), 2945 (C-H, aliphatic), 1615, 1511 

(C=N), 1320 (C-S), 1175 (O=S=O) [42-44].

6b: Colorless solid; yield: 70%; Rf: 2.25 (n-hexane:ethylacetate 6:4); m.p.: 259-260°C; 1H 

NMR (300 MHz, DMSO-d6  ppm 14.70 (s, 1H, NH), 11.28 (s, 1H, NH), 8.00 (dd, J = 18, 9 

Hz, 4H, Ar-H), 7.77 (d, J = 9 Hz, 2H, Ar-H), 7.30 (d, J = 9 Hz, 2H, Ar-H); 13C NMR (75 MHz, 

DMSO-d6  ppm 177.69, 160.53, 143.51, 141.16, 133.30, 128.15, 128.08, 127.29, 127.25, 

119.99, 118.42; IR (cm-1): 3198 (NH), 3071 (C-H, aromatic), 1612, 1516 (C=N), 1322 (C-S), 

1165 (O=S=O).

13: Colorless solid; yield: 73%; Rf: 0.47 (n-hexane:ethylacetate, 6:4); m.p.: 177-180°C; 1H 

NMR (300 MHz, DMSO-d6  ppm 14.92 (s, 1H, NH), 8.06 (2H, d, J = 9Hz, Ar-H), 7.97 (2H, d, 

J = 9Hz, Ar-H), 3.06 (t, 4H, J = 15Hz, N(CH2)2), 1.46 (quin, 4H, J = 15 Hz, CH2CH2CH3), 0.80 

(t, 6H, J = 15 Hz, CH3); 13C NMR (75 MHz, DMSO-d6,   ppm 178.12, 159.79, 142.78, 

128.24, 127.49, 126.44; IR (cm-1) 3068 (C-H, aromatic), 2968 (C-H, aliphatic), 1612, 1592 

(C=N), 1340 (C-S), 1158 (O=S=O).

3.1.6. General method for the synthesis of S-alkyl 1,3,4- oxadiazole (8a-j) & (9a-c)

S-alkylation of the products was achieved by following a modified method [38]. The 

oxadiazoles (6a, 6b, 13) (0.02, mol) and K2CO3 (0.022, mol) were stirred in 10 mL of acetone 

for 20 mints followed by the addition of alkyl bromides 7a-c and 7d-m (0.022, mol). The 

reaction mixture was stirred for 4-6 hours at room temperature. The reaction mixture was 

concentrated under vacuum and crude solid gained was recrystallized from methanol to get pure 

products. 

8a: Colorless solid, 55% yield, Rf: 0.55 (chloroform: acetone, 9:1), m.p. 224-226°C. 1H 

NMR (300 MHz, DMSO-d6  ppm 10.71 (s, 1H, NH), 7.91-7.84 (m, 4H, Ar-H), 7.64 (dd, 4H, J 

= 18, 9Hz, Ar-H), 7.28 (d, 2H, J = 9 Hz, Ar-H), 7.06 (d, 2H, J = 9Hz, Ar-H), 5.28 (s, 2H, 

SCH2N), 2.31 (s, 3H, Ar-CH3); 13C NMR (75 MHz, DMSO-d6  ppm 167.02, 166.74, 160.01, 

144.00, 142.03, 140.01, 135.44, 131.76, 129.72, 127.89, 126.94, 124.06, 119.95, 118.11, 43.00, 

21.37; IR (cm-1) 3260 (N-H), 3025 (C-H, aromatic), 2948 (C-H, aliphatic), 1716 (C=O), 1602 

(C=N), 1308, 1176 (O=S=O); Anal. Calcd for C24H18N4O5S2: C, 56.91; H, 3.58; N, 11.06; O, 

15.79; S, 12.66 Found: C, 56.98; H, 3.61; N, 11.11; O, 15.79; S, 12.72.



19

8b: Colorless solid; yield; 70 %, Rf: 0.33 (Chloroform: acetone, 9:1); m.p.; 214-216°C; 1H 

NMR (300 MHz, DMSO-d6  ppm 10.81 (1H, s, NH), 7.78-7.71 (m, 8H, Ar-H), 7.37 (d, 2H, J 

= 8.1 Hz, Ar-H), 7.26 (d, 2H, J = 9 Hz, Ar-H), 4.02 (t, 2H, J = 6Hz, N-CH2), 3.56 (t, 2H, J = 

6Hz, S-CH2), 2.32 (s, 3H, Ar-CH3); 13C NMR (75 MHz, DMSO-d6  ppm 168.00, 165.00, 

163.21, 144.13, 141.72, 136.81, 134.84, 131.83, 130.35, 128.12, 127.21, 123.50, 119.44, 118.36, 

37.34, 31.12, 21.40; IR (cm-1): 3268 (N-H), 3027 (C-H, aromatic), 2948 (C-H, aliphatic), 1714 

(C=O), 1609, 1579 (C=N), 1331, 1152 (O=S=O); Anal. Calcd for C25H20N4O5S2: C, 57.68; H, 

3.87; N, 10.76; O, 15.37; S, 12.32 Found: C, 57.70; H, 3.88; N, 10.82; O, 15.38; S, 12.34.

8c: Colorless solid; yield: 78%; Rf: 0.28 (Chloroform: acetone, 9:1), m.p.: 220-223 °C; 1H 

NMR (300 MHz, DMSO-d6  ppm  10.78 (s, 1H, NH), 7.83-7.70 (m, 8H, Ar-H), 7.35 (d, 2H, J 

= Hz, Ar-H), 7.26 (d, 2H, J = 9 Hz, Ar-H), 3.59 (t, 2H, J = 12 Hz, NCH2), 3.28 (t, 2H, J = 12 Hz, 

S-CH2), 2.31 (s, 3H, Ar-CH3), 1.75-173 (m, 4H, CH2CH2CH2CH2); 13C NMR (75 MHz, DMSO-

d6  ppm 168.41, 165.13, 163.66, 144.14, 141.67, 136.85, 134.76, 132.01, 130.32, 128.13, 

127.20, 123.41, 119.52, 118.40,37.27, 3212, 27.24, 28.18, 21.42; IR (cm-1): 3240 (N-H), 3027 

(C-H, aromatic), 2942 (C-H, aliphatic), 1700 (C=O), 1611, 1595 (C=N), 1338, 1192 (O=S=O); 

Anal. Calcd for C27H24N4O5S2. C, 59.11; H, 4.41; N, 10.21; O, 14.58; S,11.69 Found: C, 59.30; 

H, 4.54; N, 10.31; O, 14.62; S, 11.71.

8d: Colorless solid; yield: 75%; Rf: 0.37 (Chloroform: acetone, 9:1); m.p.; 162-164 °C; 1H 

NMR (300 MHz, DMSO-d6  ppm 10.79 (s, 1H), 7.85-7.78 (m, 6H, Ar-H), 7.70 (d, 2H, J = 9 

Hz, Ar-H), 7.34 (d, 2H, J = 9 Hz, Ar-H), 7.25 (d, 2H, J = 9 Hz, Ar-H), 3.54 (t, 2H, J = 15 Hz, 

NCH2), 3.24 (t, 2H, J = 15 Hz, SCH2), 2.31 (s 3H, Ar-CH3), 1.73-1.66 (m, 2H, NCH2CH2), 1.60-

1.53 (m, 2H, SCH2CH2), 1.43-1.29 (m 4H, CH2CH2CH2CH2); 13C NMR (75 MHz, DMSO-d6 

 ppm 168.40, 165.16, 163.75, 143.95, 142.19, 137.13, 134.79, 132.06, 130.26, 128.10, 127.17, 

123.43, 119.58, 118.10, 37.71 32.43, 29.23, 28.21, 27.80, 26.09, 21.41; IR (cm-1) 3211 (N-H), 

3025 (C-H, aromatic), 2929 (C-H, aliphatic), 1705 (C=O), 1611, 1568 (C=N), 1331, 1157 

(O=S=O); Anal. Calcd for C29H28N4O5S2 C, 60.40; H, 4.89; N, 9.72; O, 13.87; S, 11.12 Found: 

C, 60.45; H, 4.94; N, 9.78; O, 13.82; S, 11.18.

8e: Colorless solid; yield: 65 %; Rf: 0.34 (Chloroform: acetone, 9:1); m.p.: 201-203°C; 1H 

NMR (300 MHz, DMSO-d6  ppm 11.136 (s, 1H, NH), 8.06 (d, 2H, J = 8.4 Hz, Ar-H), 8.7 (d, 

2H, J = 9 Hz, Ar-H), 7.89-7.83 (m, 6H, Ar-H), 7.30 (d, 2H, J = 9 Hz, Ar-H), 5.31 (s, 2H, 

SCH2N); 13C NMR (75 MHz, DMSO-d6  ppm 166.78, 166.15, 161.20, 143.51, 141.21, 
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135.44, 133.56, 131.72, 128.47, 128.18, 127.28, 127.24, 125.55, 124.04, 120.04, 118.90, 40.69; 

IR (cm-1) 3241 (N-H), 3064 (C-H, aromatic), 2923 (C-H, aliphatic), 1711 (C=O), 1614, 1503 

(C=N), 1350, 1165 (O=S=O); Anal. Calcd for C24H15F3N4O5S2 C, 51.43; H, 2.70; F, 10.17; N, 

10.00; O, 14.27; S, 11.44 Found: C, 51.54; H, 2.78; F, 10.82; N, 10.21; O, 14.32; S, 11.51.

8f: Colorless solid; yield: 74%; Rf: 0.23 (Chloroform: acetone, 9:1) m.p.; 176-179°C; 1H 

NMR (300 MHz, DMSO-d6  ppm 11.09 (s,1H, NH), 8.05 (d, 2H, J = 9 Hz, Ar-H), 7.99 (d, 

2H, J = 9 Hz, Ar-H), 7.81-7.70 (m, 6H, Ar-H), 7.30 (d, 2H, J = 9Hz, Ar-H), 4.02 (t, 2H, J = 

12Hz, NCH2), 3.56 (t, 2H, J = 12 Hz, SCH2); 13C NMR (75 MHz, DMSO-d6  ppm 168.05, 

164.96, 163.40, 153.52, 140.95, 134.82, 133.52, 133.09, 131.84, 128.26, 128.19, 127.29, 127.24, 

123.51, 120.06, 118.91, 37.31, 31.12; IR (cm-1) 3391, 3218 (N-H), 2927 (C-H, aliphatic), 1713 

(C=O), 1614, 1503 (C=N), 1366, 1166 (O=S=O); Anal. Calcd for C25H17F3N4O5S2 C, 52.26; H, 

2.98; F, 9.92; N, 9.75; O, 13.92; S, 11.16 Found: C, 52.31; H, 3.10; F, 9.98; N, 9.81; O, 13.96; S, 

11.74.

8g: Colorless solid; yield: 75%; Rf: 0.25 (Chloroform: acetone, 9:1); m.p.170-173 °C; 1H 

NMR (300 MHz, DMSO-d6  ppm 11.08 (s, 1H, NH), 8.03 (d, 2H, J = 9 Hz, Ar-H), 7.97 (d, 

2H, J = 9 Hz, Ar-H), 7.86-7.79 (m, 6H, Ar-H), 7.29 (d, 2H, J = 9 Hz, Ar-H), 3.71 (t, 2H, J = 12 

Hz, NCH2), 3.30 (t, 2H, J = 12 Hz, SCH2), 2.13-2.06 (m, 2H, SCH2CH2); 13C NMR (75 MHz, 

DMSO-d6  ppm 168.50, 165.05, 163.79, 143.54, 140.91, 134.75, 133.50, 133.07, 132.18, 

128.28, 128.16, 127.26, 127.21, 125.56, 123.43, 121.94, 120.11, 119.08, 36.58, 30.09, 28.67; IR 

(cm-1): 3200, 3400 (N-H), 2930 (C-H, aliphatic), 1713 (C=O), 1608, 1503 (C=N), 1321, 1159 

(O=S=O); Anal. Calcd for C26H19F3N4O5S2: C, 53.06; H, 3.25; F, 9.68; N, 9.52; O, 13.59; S, 

10.90. Found C, 53.12; H, 3.32; F, 9.82; N, 9.62; O, 13.64; S, 10.95.

8h: Colorless solid; yield: 76%; Rf: 0.26 (Chloroform: acetone, 9:1); m.p.; 210-213 °C; 1H 

NMR (300 MHz, DMSO-d6  ppm 11.08 (s, 1H, NH), 8.04 (d, 2H, J = 8.4 Hz, Ar-H), 7.99 (d, 

2H, J = 9 Hz, Ar-H), 7.83-7.75 (m, 6H, Ar-H), 7.30 (d, 2H, J = 9 Hz, Ar-H), 3.59 (t, 2H, J = 12 

Hz, NCH2), 3.28 (t, 2H, J = 12 Hz, SCH2), 1.75-1.73 (m, 4H, SCH2CH2CH2); 13C NMR (75 

MHz, DMSO-d6  ppm 168.43,165.03, 163.81, 143.54, 140.93, 134.77, 133.49, 132.02, 128.28, 

128.17, 127.27, 123.42, 120.10, 119.07, 37.26, 32.12, 27.23, 26.79; IR (cm-1): 3218 (N-H), 2942 

(C-H, aliphatic), 1699 (C=O), 1612, 1503 (C=N), 1343, 1165 (O=S=O); Anal. Calcd for 

C27H21F3N4O5S2. C, 53.81; H, 3.51; F, 9.46; N, 9.30; O, 13.28; S, 10.64 Found C, 53.88; H, 3.57; 

F, 9.51; N, 9.35; O, 13.32; S, 10.73.
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8i: Off-white solid; yield: 77%; Rf: 0.31 (Chloroform: acetone, 9:1); m.p.; 180-181 °C; 1H 

NMR (300 MHz, DMSO-d6  ppm 11.08 (s 1H, NH), 8.03 (d, 2H, J = 9 Hz, Ar-H), 7.97 (d, 

2H, J = 9 Hz, Ar-H), 7.86-7.78 (m, 6H, Ar-H), 7.30 (d, 2H, J = 9 Hz, Ar-H), 3.56 (t, 2H, J = 15 

Hz, NCH2), 3.24 (t, 2H, J = 15 Hz, SCH2), 1.76 (quin, 2H, J = 15, 9 Hz, NCH2CH2), 1.62 (2H, 

quin, J = 15, 9 Hz, SCH2CH2), 1.39 (quin, 2H, , J = 15, 9 Hz, SCH2CH2CH2); 13C NMR (75 

MHz, DMSO-d6  ppm 168.40, 165.00, 163.90, 143.53, 140.88, 134.79, 133.06, 132.03, 

128.29, 128.16, 127.26, 127.21, 123.43, 120.12, 119.14, 37.61, 32.32, 28.94, 27.81, 25.52; IR 

(cm-1): 3400, 3200 (N-H), 3137 (C-H, aromatic), 2945 (C-H, aliphatic), 1714 (C=O), 1606, 1569 

(C=N), 1353, 1159 (O=S=O); Anal. Calcd for C28H23F3N4O5S2: C, 54.54; H, 3.76; F, 9.24; N, 

9.09; O, 12.97; S, 10.40 Found C, 54.58; H, 3.82; F, 9.34; N, 9.13; O, 13.01; S, 10.68.

8j: Colorless solid; yield: 78%; Rf: 0.38 (Chloroform: acetone, 9:1); m.p.; 168-171°C; 1H 

NMR (300 MHz, DMSO-d6  ppm 11.07 (s, 1H, NH), 8.02 (d, 2H, J = 8.4 Hz, Ar-H), 7.96 (d, 

2H, J = 9 Hz, Ar-H), 7.85-7.79 (m, 6H, Ar-H), 7.29 (d, 2H, J = 9 Hz, Ar-H), 3.54 (t, 2H, J = 15 

Hz, NCH2), 3.24 (t, 2H, J = 15 Hz, S-CH2), 1.71 (quin, 2H, J = 15, 6 Hz, NCH2CH2), 1.57 (quin, 

2H, J = 15, 6 Hz, SCH2CH2), 1.46-1.29 (m, 4H, CH2CH2CH2CH2); 13C NMR (75 MHz, DMSO-

d6  ppm 168.40, 165.00, 163.96, 143.57, 140.94, 134.79, 132.06, 128.28, 128.15, 127.21, 

125.56, 123.43, 120.13, 119.09, 37.71, 32.43, 29.22, 28.21, 27.80 26.08; IR (cm-1): 3238 (N-H), 

2941 (C-H, Aliph.), 1711 (C=O), 1611, 1504 (C=N), 1335, 1186 (O=S=O); Anal. Calcd for 

C29H25F3N4O5S2: C, 55.23; H, 4.00; F, 9.04; N, 8.88; O, 12.68; S, 10.17. Found C, 55.29; H, 

4.10; F, 9.08; N, 8.91; O, 12.71; S, 10.21.

9a: Off-white solid; yield: 71%; Rf: 0.50 (Chloroform: acetone, 9:1); m.p. 164-165 °C; 1H 

NMR (300 MHz, DMSO-d6  ppm 10.81 (s, 1H, NH), 7.78 (d, 2H, J = 9 Hz, Ar-H), 7.70 (d, 

6H, J = 9 Hz, Ar-H), 7.35 (d, 2H, J = 9 Hz, Ar-H), 7.27 (d, 2H, J = 9 Hz, Ar-H), 4.62 (s, 2H, 

SCH2), 2.32 (s, 3H, Ar-CH3); 13C NMR (75 MHz, DMSO-d6  ppm 165.44, 162.96, 144.17, 

142.35, 141.75, 136.79, 130.30, 128.83, 128.41, 128.20, 127.20, 125.90, 125.85, 119.46, 118.25, 

35.58, 21.41; IR (cm-1) 3175 (N-H), 2950 (C-H, aliphatic), 1609 (C=N), 1347 (C-S). 1322, 1159 

(O=S=O); Anal. Calcd for C23H18F3N3O3S2: C, 54.64; H, 3.59; F, 11.27; N, 8.31; O, 9.49; S, 

12.69 Found C, 54.68; H, 3.62; F, 11.81; N, 8.38; O, 9.53; S, 12.74.

9b: Colorless solid; yield: 74%; Rf: 0.41 (Chloroform: acetone, 9:1); m.p.: 160-161 °C; 1H 

NMR (300 MHz, DMSO-d6:  ppm 10.80 (s, 1H, NH), 7.85 (s, 1H, Ar-H), 7.78 (d, 3H, J = 9 

Hz, Ar-H), 7.70 (d, 2H, J = 6 Hz, Ar-H), 7.63 (d, 1H, J = 6 Hz, Ar-H), 7.57 (t, 1H, J = 15 Hz, 
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Ar-H), 7.35 (d, 2H, J = 9 Hz, Ar-H), 7.26 (d, 2H, J = 9 Hz, Ar-H), 4.62 (s, 2H, SCH2), 2.32 (s, 

3H, Ar-CH3); 13C NMR (75 MHz, DMSO-d6  ppm 165.43, 162.99, 144.17, 141.73, 139.10, 

136.77, 133.65, 130.31, 130.11, 129.78, 129.36, 128.18, 127.20, 126.31, 126.16, 126.11, 124.89, 

124.84, 122.69, 119.47, 118.28, 35.54, 21.40; IR (cm-1): 3166 (N-H), 2926 (C-H, aliphatic), 

1609 (C=N), 1327 (C-S). 1302, 1155 (O=S=O); Anal. Calcd for C23H18F3N3O3S2: C, 54.64; H, 

3.59; F, 11.27; N, 8.31; O, 9.49; S, 12.69 Found C, 54.68; H, 3.62; F, 11.81; N, 8.38; O, 9.53; S, 

12.74.

9c: Colorless solid; yield: 73%; Rf: 0.56 (Chloroform: acetone, 9:1); m.p.: 143-144°C; 1H 

NMR (300 MHz, DMSO-d6  ppm 10.82 (s, 1H, NH), 7.81-7.29 (m, 12, Ar-H), 4.68 (s, 2H, 

SCH2), 2.31 (s, 3H, Ar-CH3); 13C NMR (75 MHz, DMSO-d6  ppm 165.63, 162.60, 144.18, 

141.81, 136.78, 134.80, 133.53, 132.53, 130.33, 129.21, 128.26, 127.21, 126.79, 126.51, 119.46, 

118.24, 33.59, 21.41; IR (cm-1): 3205 (N-H), 2940 (C-H, aliphatic), 1611 (C=N), 1345 (C-S). 

1303, 1151 (O=S=O); Anal. Calcd for C23H18F3N3O3S2: C, 54.64; H, 3.59; F, 11.27; N, 8.31; O, 

9.49; S, 12.69 Found C, 54.68; H, 3.62; F, 11.81; N, 8.38; O, 9.53; S, 12.74.

14a: Off-white solid; yield: 81%; Rf: 0.46 (Chloroform: acetone, 9:1); m.p.: 154-155 °C; 1H 

NMR (300 MHz, chloroform-d  ppm 8.20 (d, 2H, J = 9 Hz, Ar-H), 7.95 (d, 2H, J = 9 Hz, Ar-

H), 7.91-7.87 (m, 2H, Ar-H), 7.82-7.77 (m, 2H, Ar-H), 5.42 (s, 2H, SCH2N), 3.17-3.11 (m, 4H, 

NCH2), 1.69-1.54 (m, 4H, NCH2CH2CH3), 0.90 (t, 6H, J = 15 Hz, NCH2CH2CH3); 13C NMR (75 

MHz, DMSO-d6  ppm 166.45, 165.51, 162.41, 143.29, 134.75, 131.70, 127.75, 127.49, 

126.77, 123.97, 49.97, 39.79, 21.99, 11.20; IR (cm-1): 3025 (C-H, aromatic), 2960 (C-H, 

aliphatic), 1723 (C=O), 1606, 1568 (C=N), 1327, 1154 (O=S=O); Anal. Calcd for 

C23H24N4O5S2: C, 55.18; H, 4.83; N, 11.19; O, 15.98; S, 12.81 Found C, 55.90; H, 4.88; N, 

11.24; O, 16.01; S, 12.84.

14b: Colorless solid; yield: 78%; Rf: 0.49 (Chloroform: acetone, 9:1); m.p.: 131-132 °C; 1H 

NMR (300 MHz, chloroform-d  ppm 8.15 (dd, 2H, J = 6.9, 5.4 Hz, Ar-H), 7.95-7.92 (m, 2H, 

Ar-H), 7.88-7.82 (m, 2H, Ar-H), 7.76-7.72 (m, 2H, Ar-H), 4.23 (t, 2H, J = 12 Hz, NCH2), 3.64 

(t, 2H, J = 15 Hz, SCH2), 3.15-3.10 (m, 4H, NCH2CH2), 1.63-1.50 (m, 4H, NCH2CH2CH3), 0.88 

(t, 6H, J = 5 Hz, NCH2CH2CH3); 13C NMR (75 MHz, chloroform-d  ppm 168.01, 164.67, 

164.25, 143.05, 134.27, 131.79, 127.69, 127.24, 126.84,123.52, 49.89, 36.62, 30.90, 21.92, 

11.18; IR (cm-1): 3050 (C-H, aromatic), 2968 (C-H, aliphatic), 1703 (C=O), 1614, 1549 (C=N), 
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1337, 1154 (O=S=O); Anal. Calcd for C24H26N4O5S2: C, 56.01; H, 5.09; N, 10.89; O, 15.54; S, 

12.46 Found C, 56.05; H, 5.13; N, 10.92; O, 15.62; S, 12.51.

14c: Colorless solid; yield: 79%; Rf: 0.45 (Chloroform: acetone, 9:1); m.p.: 157-158°C; 1H 

NMR (300 MHz, chloroform-d  ppm 8.13 (d, 2H, J = 9 Hz, Ar-H), 7.93 (d, 2H, J = 9 Hz, ar-

H), 7.89-7.84 (m, 2H, Ar-H), 7.78-7.74 (m, 2H, Ar-H), 3.91 (t, 2H, J = 12 Hz, NCH2), 3.37 (t, 

2H, J = 15 Hz, SCH2), 3.13 (t, 4H, J = 15 Hz, NCH2CH2), 2.34-3.27 (m, 2H, NCH2CH2), 1.63-

1.50 (4H, m), 0.89 (t, 6H, J = 15 Hz, NCH2CH2CH3); 13C NMR (75 MHz, chloroform-d  ppm 

168.41, 165.18, 164.55, 143.00, 134.19, 131.94, 127.71, 127.17, 126.91, 123.42, 49.88, 36.49, 

29.98, 28.90, 21.92, 11.19; IR (cm-1): 3025 (C-H, aromatic), 2937 (C-H, aliphatic), 1708 (C=O), 

1620, 1545 (C=N), 1337, 1151 (O=S=O); Anal. Calcd for C25H28N4O5S2: C, 56.80; H, 5.34; N, 

10.60; O, 15.13; S, 12.13 Found C, 56.84; H, 5.38; N, 10.66; O, 15.18; S, 12.16. 

14d: Off-white solid; yield: 83%; Rf: 0.51 (Chloroform: acetone, 9:1); m.p.; 117-119 °C; 1H 

NMR (300 MHz, chloroform-d  ppm 8.15-8.11 (m, 2H, Ar-H), 7.95-7.91 (m, 2H, Ar-H), 7.86-

7.82 (m, 2H, Ar-H), 7.76-7.71 (m, 2H, Ar-H), 3.76 (t, 2H, J = 12 Hz, NCH2), 3.38 (t, 2H, J = 12 

Hz, SCH2), 3.15-3.10 (m, 4H, NCH2CH2), 1.97-1.87 (m, 4H, NCH2CH2CH2CH2S), 1.63-1.50 

(m, 4H, NCH2CH2CH3),0.88 (t, 6H, J = 15 Hz, NCH2CH2CH3); 13C NMR (75 MHz, chloroform-

d,  ppm168.38, 165.34, 164.47, 142.99, 134.05, 132.01, 127.70, 127.15, 126.94, 123.30, 49.88, 

37.14, 31.99, 27.52, 26.52, 21.92, 11.18; IR (cm-1): 3088 (C-H, aromatic), 2970 (C-H, aliphatic), 

1703 (C=O), 1617, 1543 (C=N), 1332, 1160 (O=S=O); Anal. Calcd for C26H30N4O5S2: C, 57.54; 

H, 5.57; N, 10.32; O, 14.74; S, 11.82 Found C, 57.63; H, 5.65; N, 10.38; O, 14.79; S, 11.88.

14e: Colorless solid; yield: 80%; Rf: 0.53 (Chloroform: acetone, 9:1); m.p.: 106-109°C; 1H 

NMR (300 MHz, chloroform-d  ppm 8.15-8.12 (m, 2H, Ar-H), 7.93 (dd, 2H, J = 6, 3 Hz, Ar-

H), 7.87.7.82 (m, 2H, Ar-H), 7.76-7.71 (m, 2H, Ar-H), 3.72 (t, 2H, J = 15 Hz, NCH2), 3.32 (t, 

2H, J = 15 Hz, SCH2), 3.15-3.10 (m, 4H, NCH2CH2CH3), 1.93 (2H, quin, J = 15, 9 Hz, 

NCH2CH2CH2CH2CH2S), 1.76 (2H, quin, J = 15, 9 Hz, NCH2CH2CH2CH2CH2S), 1.63-1.50 (m, 

6H, NCH2CH2CH2CH2CH2S and NCH2CH2CH3), 0.88 (t, 6H, J = 15 Hz, NCH2CH2CH3); 13C 

NMR (75 MHz, chloroform-d  ppm 168.45, 165.55, 164.41, 142.93, 134.00, 132.06, 127.70, 

127.15, 126.98, 123.25 ,49.85, 37.62, 32.36, 28.75, 28.06, 25.81, 21.92, 11.19; IR (cm-1): 3088 

(C-H, aromatic), 2947 (C-H, aliphatic), 1712 (C=O), 1617, 1550 (C=N), 1336, 1177 (O=S=O). 

Anal. Calcd for C27H32N4O5S2: C, 58.25; H, 5.79; N, 10.06; O, 14.37; S, 11.52 Found C, 58.31; 

H, 5.84; N, 10.72; O, 14.42; S, 11.58.
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14f: Colorless solid; yield: 82%; Rf: 0.55 (Chloroform: acetone, 9:1); m.p.; 124-126°C; 1H 

NMR (300 MHz, chloroform-d:  ppm 8.13 (dd, 2H, J = 6, 3 Hz, Ar-H), 7.94-7.92 (m, 2H, Ar-

H), 7.83 (dd, 2H, J = 6, 3 Hz, Ar-H), 7.71 (dd, 2H, J = 6, 3 Hz, Ar-H), 3.69 (t, 2H, J = 15 Hz, 

NCH2), 3.31 (t, 2H, J = 15 Hz, SCH2), 3.15-3.1 (m, 4H, NCH2CH2CH3), 1.86-1.84 (m, 2H, 

NCH2CH2), 1.73-1.68 (m, 2H, CH2CH2S), 1.60-1.52 (m, 4H, NCH2CH2CH3), 1.43-1.41 (m, 4H, 

NCH2CH2CH2CH2CH2CH2S), 0.88 (t, 6H, J = 15 Hz, NCH2CH2CH3); 13C NMR (75 MHz, 

chloroform-d  ppm 168.46, 165.64, 164.38, 142.93, 133.94, 132.09, 127.69, 127.13, 126.99, 

123.21, 49.88, 37.77, 32.50, 29.03, 28.40, 28.09, 26.25, 21.92, 11.18; IR (cm-1): 3070 (C-H, 

aromatic), 2931 (C-H, aliphatic), 1704 (C=O), 1614, 1553 (C=N), 1340, 1153 (O=S=O). Anal. 

Calcd for C28H34N4O5S2: C, 58.93; H, 6.00; N, 9.82; O, 14.02; S, 11.24 Found C, 58.98; H, 6.07; 

N, 9.89; O, 14.12; S, 11.31.

15a: Colorless solid; yield: 78%; Rf: 0.68 (Chloroform: acetone, 9:1); m.p.: 120-121°C; 1H 

NMR (300 MHz, chloroform-d  ppm 8.1 (d, 2H, J = 12 Hz, Ar-H), 7.93 (d, 2H, J = 9 Hz, Ar-

H), 7.62 (s, 4H, Ar-H), 4.58 (s, 2H, SCH2), 3.15-3.10 (m, 4H, NCH2CH2CH3), 1.62-1.5 (m, 4H, 

NCH2CH2CH3), 0.88 (t, 6H, J = 15 Hz, NCH2CH2CH3); 13C NMR (75 MHz, chloroform-

d  ppm 164.80, 164.41, 143.22, 139.77, 130.58, 130.14, 129.57, 127.73, 127.16, 126.72, 

125.79, 125.74, 122.10, 49.87, 35.97, 21.90, 11.16; IR (cm-1): 3100 (C-H, aromatic), 2969 (C-H, 

aliphatic), 1617 (C=N), 1372 (C-S). 1325, 1153 (O=S=O); Anal. Calcd for C22H24F3N3O3S2: C, 

52.89; H, 4.84; F, 11.41; N, 8.41; O, 9.61; S, 12.84 Found C, 52.91; H, 4.88; F, 11.47; N, 8.46; 

O, 9.67; S, 12.88.

15b: Colorless solid; yield: 80%; Rf: 0.68 (Chloroform: acetone, 9:1); m.p.: 93-94°C; 1H 

NMR (300 MHz, chloroform-d  ppm 8.11 (d, 2H, J = 9 Hz, Ar-H), 7.93 (d, 2H, J = 9 Hz, Ar-

H), 7.74 (d, 1H, J = 6 Hz, Ar-H), 7.70 (s, 1H, Ar-H), 7.58 (d, 1H, J = 9 Hz, Ar-H), 7.49 (t, 1H, J 

= 18 Hz, Ar-H), 4.59 (s, 2H, SCH2), 3.13 (t, 4H, J = 15 Hz, NCH2CH2CH3), 1.62-1.50 (m, 4H, 

NCH2CH2CH3), 0.88 (t, 6H, J = 15 Hz, NCH2CH2CH3); 13C NMR (75 MHz, chloroform-

d  ppm 164.78, 164.41, 143.20, 136.69, 132.64, 131.42, 130.99, 129.36, 127.73, 127.18, 

126.74, 125.91, 125.86, 125.08, 125.03, 122.01, 49.86, 36.08, 21.90, 11.16; IR (cm-1): 2970 (C-

H, aliphatic), 1613 (C=N), 1370 (C-S). 1328, 1153 (O=S=O); Anal. Calcd for C22H24F3N3O3S2: 

C, 52.89; H, 4.84; F, 11.41; N, 8.41; O, 9.61; S, 12.84 Found C, 52.91; H, 4.88; F, 11.47; N, 

8.46; O, 9.67; S, 12.88.
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15c: Colorless solid; yield: 81%; Rf: 0.89 (Chloroform: acetone, 9:1); m.p.: 99-102°C; 1H 

NMR (300 MHz, chloroform-d  ppm 8.12 (dd, 2H, J = 6.9, 1.5 Hz, Ar-H), 7.94 (dd, 2H, J = 

6.9, 1.5 Hz, Ar-H), 7.82 (d, 1H, J = 8.4 Hz, Ar-H), 7.70 (d, 1H, J = 7.8 Hz, Ar-H), 7.55 (t, 1H, J 

= 15 Hz, Ar-H), 7.45 (t, 1H, J = 15 Hz, Ar-H), 4.76 (s, 2H, SCH2), 3.16-3.11 (m, 4H, 

NCH2CH2CH3), 1.65-1.50 (m, 4H, NCH2CH2CH3), 0.88 (t, 6H, J = 15 Hz, NCH2CH2CH3); 13C 

NMR (75 MHz, chloroform-d  ppm 165.02, 164.79, 143.17, 134.19, 132.46, 132.06, 

128.93,128.50, 127.73, 127.18, 126.79, 126.53, 126.45, 126.01, 122.38, 49.88, 33.25, 21.92, 

11.17; IR (cm-1): 3170 (C-H, aromatic), 2969 (C-H, aliphatic), 1615 (C=N), 1370 (C-S); 1344, 

1156 (O=S=O); Anal. Calcd for C22H24F3N3O3S2: C, 52.89; H, 4.84; F, 11.41; N, 8.41; O, 9.61; 

S, 12.84 Found C, 52.91; H, 4.88; F, 11.47; N, 8.46; O, 9.67; S, 12.88.

15d: Colorless solid; yield: 73%; Rf: 0.82 (Chloroform: acetone, 9:1); m.p.: 88-90 °C; 1H 

NMR (300 MHz, chloroform-d  ppm 8.15 (d, 2H, J = 9 Hz, Ar-H), 7.99 (d, 2H, J = 9 Hz, AR-

H), 7.49 (d, 2H, J = 6 Hz, Ar-H), 7.38-7.29 (m, 3H, Ar-H), 4.61 (s, 2 H, SCH2), 3.07 (t, 4H, J = 

15 Hz, NCH2CH2CH3), 1.54-1.41 (m, 4H, NCH2CH2CH3), 0.81 (t, 6H, J = 15 Hz, 

NCH2CH2CH3); 13C NMR (75 MHz, chloroform-d  ppm  164.75, 164.69, 142.69, 136.95, 

129.55, 129.08 128.29, 127.80, 126.88, 50.05, 36.35, 22.05, 11.43; IR (cm-1): 3100 (C-H, 

aromatic), 2964 (C-H, aliphatic), 1613 (C=N), 1373 (C-S). 1335, 1152 (O=S=O); Anal. Calcd 

for C21H25N3O3S2: C, 58.44; H, 5.84; N, 9.74; O, 11.12; S, 14.86 Found C, 52.91; C, 58.48; H, 

5.89; N, 9.77; O, 11.18; S, 14.90.

15e: Colorless solid; yield: 78%; Rf: 0.66 (Chloroform: acetone, 9:1); m.p.: 107-108°C; 1H 

NMR (300 MHz, chloroform-d  ppm 8.23-8.20 (m, 2H, Ar-H), 8.13 (d, 2H, J = 9 Hz, Ar-H), 

7.99 (d, 2H, J = 9 Hz, Ar-H), 7.78 (d, 2H, J = 9Hz, Ar-H), 4.73 (s, 2H, SCH2), 3.06 (t, 4H, J = 5 

Hz, NCH2CH2CH3), 1.51-1.41 (m, 4H, NCH2CH2CH3), 0.80 (t, 6H, J = 15 Hz, NCH2CH2CH3); 
13C NMR (75 MHz, chloroform-d  ppm 164.86, 164.35, 147.38, 145.38, 142.73, 130.85, 

128.28, 127.83, 126.83, 124.14, 50.03,35.38, 22.03, 11.42; IR (cm-1): 3170 (C-H, aromatic), 

2971 (C-H, aliphatic), 1605 (C=N), 1373 (C-S). 1338, 1150 (O=S=O); Anal. Calcd for 

C21H24N4O5S2: C, 52.93; H, 5.08; N, 11.76; O, 16.79; S, 13.46 Found C, 52.98; H, 5.14; N, 

11.81; O, 16.80; S, 13.53.

3. 2. DENV-2 NS2BNS3pro assay
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Recombinant DENV2 NS2B/NS3pro was prepared and characterized as described elsewhere 

[56]. Protease assays were performed at 37 oC in opaque 96 well plates containing a total volume 

of 100 L/well of the reaction mixture. The reaction mixtures were prepared in Tris buffer (50 

, pH 9.0) containing 10 mM NaCl, 25% glycerol, 1 mM CHAPS, and 50 mM tetrapeptide 

substrate, Bz-NLe-Lys-Arg-Arg-AMC. Reactions were initiated by the addition of 100nM 

DENV2 NS2B/NS3pro and the cleavage of the fluorophore tag, AMC was measured after every 

minute for a total 30 min incubation time by using a spectrofluorometer (Molecular Devices). 

The excitation and emission wavelengths were set at 380 and 460 nm, respectively. To avoid 

false-positive hits, the assays were repeated under the same conditions after replacing the 

CHAPS (zwitterionic detergent) by 0.005% Brij 35 (nonionic detergent). Background 

fluorescence of the mixture, prepared in the absence of enzyme, was measured and subtracted 

from those of the reaction mixtures to obtain net change in fluorescence per unit time. 

3.2.1. Inhibition of DENV2 NS2B/NS3pro by the synthetic hybrids 

The reaction mixture 100L were prepared as described above in the presence of 50  

solution (DMSO) of the test compound. Total concentration of DMSO was not more than 2.5%. 

Reactions were initiated by the addition of 100nM recombinant DENV2 NS2B/NS3pro and 

cleavage of fluorophore AMC was measured after every minute for a total 30 min. The rate of 

change of fluorescence (RFU/sec) in the presence of the test compound (vexp)was compared 

with that in the absence of the compound (vcon) to calculate percent inhibition according to the 

following equation. 

𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 = 100 ― [(𝑣𝑒𝑥𝑝

𝑣𝑐𝑜𝑛) × 100]
For the determination of IC50 values, a three-fold serial dilutions from 150 to 620nM of 

the test compounds were prepared in the reaction mixture the enzyme activity was observed as 

described above. The residual activity was plotted against the concentration of the test compound 

in Graphpad Prism (version 7) by using the non-linear regressions. For the determination of the 

mode of inhibition, the enzymatic assays were performed under the same conditions as described 

above, by varying concentration (4.6-60 ) of the substrate in the presence (10  and 20 ) 

and absence of the selected inhibitors. The enzyme kinetics were observed for 30 min, and the 
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data were linearly fit into the Lineweaver-Burk model by using Graphpad Prism software 

(version 7)  

3.3. Molecular Docking

To investigate the binding mode of the inhibitors with the DENV2 NS2B/NS3 protease, 

docking studies were performed by using the reported co-crystal of DENV2 NS2/NS3pro 

containing an allosteric inhibitor (PDB ID: 6MO0) and DENV3 NS2B/NS3pro containing a 

covalently bound inhibitor at the substrate binding site (3U1I). All Het-atoms and water 

molecules were removed, and polar hydrogen atoms were added by using Autodock Tool. The 

structures of the hybrid molecules were drawn in Avogadro software and optimized by energy 

minimization by using MMFF94 force field. Finally, the pdbqt files were prepared for both 

receptor and the ligand and run on Autodock vina software. The top models (with the most 

negative energy) were selected for the investigation of the binding interactions by using PyMol 

and Ligplot.  

4 Conclusion

In summary, two different series of S-benzylated and S-alklyphthalimidated hybrid structures 

of 1,3,4-oxadiazole and sulfonamide were synthesized in very efficient way and their potential 

against DENV2 NS2B/NS3pro was tested. Initial investigations have identified 8g and 8h are 

potential inhibitors of the dengue protease, demonstrating IC50 values as 13.9 and 15.1, 

respectively. Computational assessment indicated that these hybrids bind in an allosteric cleft of 

the conformatinally open structure of the protease. Additionally, the phthalimide-moeity of the 

hybrid structure exhibit important hydrogen bonding interactions with Trp-83 and Asn-167 and 

several hydrophobic interactions with the residues in the cavity. Further work is needed to refine 

the binding interactions and medicinal properties before these compounds can be further 

developed into antiviral therapeutics.

Emails of Authors and Contributions
S.S.H.: shamilahamdani@hotmail.com, executed the syntheses and wrote the initial draft on the synthesis 
of the hybrids; B.A.K.: bkhan@ajku.edu.pk, conceived the idea, supervised the study and edited the 
chemistry part of manuscript; S.H.: shameed@qau.edu.pk, provided the lab facility and co-supervised 
SSH for conducting the organic syntheses; F.B.: 15130009@lums.edu.pk, computationally assessed the 
molecular docking data, prepared the docking figures, and wrote the initial draft of the docking section; 

mailto:shamilahamdani@hotmail.com
mailto:bkhan@ajku.edu.pk
mailto:shameed@qau.edu.pk
mailto:15130009@lums.edu.pk


28

H.N.S.: nosheen.saleem@lums.edu.pk, executed the dengue bioassays; M.S.: 
muhammad.saeed@lums.edu.pk, interpreted the bioassay and molecular docking data and edited the 
whole manuscript. E.U.M.: ehsanmughal@gmail.com, helped in the synthesis. 

All authors declare no conflict of interest.

Acknowledgements

M.S. acknowledges the Higher Education Commission (HEC) of Pakistan for providing funds to 

conduct the dengue protease assays under the National Research Program for Universities 

(NRPU grant #5912). 

References

[1] S. Bhatt, P.W. Gething, O.J. Brady, J.P. Messina, A.W. Farlow, C.L. Moyes, J.M. Drake, J.S. 
Brownstein, A.G. Hoen, O. Sankoh, M.F. Myers, D.B. George, T. Jaenisch, G.R. Wint, C.P. 
Simmons, T.W. Scott, J.J. Farrar, S.I. Hay, The global distribution and burden of dengue, Nature, 
496 (2013) 504-507.

[2] A. Gulland, Burden of dengue fever is higher than previously thought, BMJ, 347 (2013) f6280.
[3] A. Wilder-Smith, D.J. Gubler, S.C. Weaver, T.P. Monath, D.L. Heymann, T.W. Scott, Epidemic 

arboviral diseases: priorities for research and public health, Lancet Infectious Disease, 17 (2017) 
e101-e106.

[4] S.J. Kaptein, J. Neyts, Towards antiviral therapies for treating dengue virus infections, Current 
Opinion in Pharmacology 30 (2016) 1-7.

[5] T.P. Monath, Dengue: the risk to developed and developing countries, Proceedings of the National 
Academy of Sciences of the United States of America, 91 (1994) 2395-2400.

[6] M.S. Mustafa, V. Rasotgi, S. Jain, V. Gupta, Discovery of fifth serotype of dengue virus (DENV-
5): A new public health dilemma in dengue control, Med J Armed Forces India, 71 (2015) 67-70.

[7] M.R. Capeding, N.H. Tran, S.R. Hadinegoro, H.I. Ismail, T. Chotpitayasunondh, M.N. Chua, C.Q. 
Luong, K. Rusmil, D.N. Wirawan, R. Nallusamy, P. Pitisuttithum, U. Thisyakorn, I.K. Yoon, D. 
van der Vliet, E. Langevin, T. Laot, Y. Hutagalung, C. Frago, M. Boaz, T.A. Wartel, N.G. 
Tornieporth, M. Saville, A. Bouckenooghe, C.Y.D.S. Group, Clinical efficacy and safety of a novel 
tetravalent dengue vaccine in healthy children in Asia: a phase 3, randomised, observer-masked, 
placebo-controlled trial, Lancet, 384 (2014) 1358-1365.

[8] S.R. Hadinegoro, J.L. Arredondo-Garcia, M.R. Capeding, C. Deseda, T. Chotpitayasunondh, R. 
Dietze, H.I. Muhammad Ismail, H. Reynales, K. Limkittikul, D.M. Rivera-Medina, H.N. Tran, A. 
Bouckenooghe, D. Chansinghakul, M. Cortes, K. Fanouillere, R. Forrat, C. Frago, S. Gailhardou, 
N. Jackson, F. Noriega, E. Plennevaux, T.A. Wartel, B. Zambrano, M. Saville, C.-T.D.V.W. Group, 
Efficacy and Long-Term Safety of a Dengue Vaccine in Regions of Endemic Disease, New 
England Journal of Medicine, 373 (2015) 1195-1206.

[9] A. L. Dans, L. F. Dans, M. A. D. Lansang, M. A. A. Silvestre, G. H. Guyatt, Controversy and 
debate on dengue vaccine-paper 3: final response to Review of a licensed dengue vaccine: 
Inappropriate subgroup analyses and selective reporting may cause harm in mass vaccination 
programs, Journal of Clinical Epidemiology, 95 (2018) 137-139.

[10] M. Mogato, Philippines says anti-dengue vaccine may be connected to three deaths, in:  Reuters, 
Thomson Reuters, United States, 2018.

[11] M. A. Behnam, C. Nitsche, V. Boldescu, C. D. Klein, The Medicinal Chemistry of Dengue Virus, 
Journal of Medicinal Chemistry, 59 (2016) 5622-5649.

mailto:nosheen.saleem@lums.edu.pk
mailto:Muhammad.saeed@lums.edu.pk
mailto:ehsanmughal@gmail.com


29

[12] A. Qadir, M. Riaz, M. Saeed, S. Shahzad-Ul-Hussan, Potential targets for therapeutic intervention 
and structure based vaccine design against Zika virus, European Journal of Medicinal Chemistry, 
156 (2018) 444-460.

[13] C. Nitsche, Strategies Towards Protease Inhibitors for Emerging Flaviviruses, Advances in 
Experimental Medicine and Biology, 1062 (2018) 175-186.

[14] C. Nitsche, S. Holloway, T. Schirmeister, C.D. Klein, Biochemistry and medicinal chemistry of the 
dengue virus protease, Chemical Reviews, 114 (2014) 11348-11381.

[15] C. A. Leonel, W. G. Lima, M. Dos Santos, A. C. Ferraz, A. G. Taranto, J. C. de Magalhães, L. L. 
Dos Santos and J. M. S. Ferreira, Pharmacophoric characteristics of dengue virus NS2B/NS3pro 
inhibitors: a systematic review of the most promising compounds Archive of Virology, 163 (2018) 
575-586.

[16] S. Pambudi, N. Kawashita, S. Phanthanawiboon, M. D. Omokoko, P. Masrinoul, A. Yamashita, K. 
Limkittikul, T. Yasunaga, T. Takagi and K. Ikuta, A small compound targeting the interaction 
between nonstructural proteins 2B and 3 inhibits dengue virus replication, Biochemical Biophysical 
Research Communications, 440 (2013) 393-398.

[17] D. Kumar, S. Sundaree, E.O. Johnson, K. Shah, An efficient synthesis and biological study of novel 
indolyl-1,3,4-oxadiazoles as potent anticancer agents, Bioorganic and Medicinal Chemistry Letters, 
19 (2009) 4492-4494.

[18] K.L. Rai, N. Linganna, Synthesis and evaluation of antimitotic activity of alkylated 2-amino-1, 3, 
4-oxadiazole derivatives, Il Farmaco, 55 (2000) 389-392.

[19] D.H. Boschelli, D.T. Connor, D.A. Bornemeier, R.D. Dyer, J.A. Kennedy, P.J. Kuipers, G.C. 
Okonkwo, D.J. Schrier, C.D. Wright, 1, 3, 4-Oxadiazole, 1, 3, 4-thiadiazole, and 1, 2, 4-triazole 
analogs of the fenamates: in vitro inhibition of cyclooxygenase and 5-lipoxygenase activities, 
Journal of Medicinal Chemistry, 36 (1993) 1802-1810.

[20] M.D. Mullican, M.W. Wilson, D.T. Conner, C.R. Kostlan, D.J. Schrier, R.D. Dyer, Design of 5-(3, 
5-di-tert-butyl-4-hydroxyphenyl)-1, 3, 4-thiadiazoles,-1, 3, 4-oxadiazoles, and-1, 2, 4-triazoles as 
orally active, nonulcerogenic antiinflammatory agents, Journal of Medicinal Chemistry, 36 (1993) 
1090-1099.

[21] K. Raman, H.K. Singh, S.K. Salzman, S.S. Parmar, Substituted thiosemicarbazides and 
corresponding cyclized 1, 3, 4‐oxadiazoles and their anti‐inflammatory activity, Journal of 
Pharmaceutical Sciences, 82 (1993) 167-169.

[22] E. Palaska, G. Şahin, P. Kelicen, N.T. Durlu, G. Altinok, Synthesis and anti-inflammatory activity 
of 1-acylthiosemicarbazides, 1, 3, 4-oxadiazoles, 1, 3, 4-thiadiazoles and 1, 2, 4-triazole-3-thiones, 
Il Farmaco, 57 (2002) 101-107.

[23] S.V. Bhandari, K.G. Bothara, M.K. Raut, A.A. Patil, A.P. Sarkate, V.J. Mokale, Design, synthesis 
and evaluation of antiinflammatory, analgesic and ulcerogenicity studies of novel S-substituted 
phenacyl-1, 3, 4-oxadiazole-2-thiol and Schiff bases of diclofenac acid as nonulcerogenic 
derivatives, Bioorganic & Medicinal Chemistry, 16 (2008) 1822-1831.

[24] V. Adhikari, V. Badiger, Synthesis and Biological Activities of Isoxazolo (5, 4‐d) 
pyrimidinyloxymethyl‐thiadiazoles,‐oxadiazoles and‐triazoles, ChemInform, 19 (1988) no-no.

[25] M.P. Hutt, E.F. Elslager, L.M. Werbel, 2‐Phenyl‐5‐(trichloromethyl)‐1, 3, 4‐oxadiazoles, A new 
class of antimalarial substances, Journal of Heterocyclic Chemistry, 7 (1970) 511-518.

[26] H.K. Misra, Synthesis of Some New Substituted 1, 3, 4‐Oxadiazoles as Potential Insecticidal, 
Antibacterial and Anti‐acetylcholine Esterase Agents, Archiv der Pharmazie, 316 (1983) 487-493.

[27] S. Giri, H. Singh, L. Yadav, Studies in Oxadiazoles Synthesis of Some 2-Mercapto-l, 3, 4-
oxadiazoles and Related Compounds as Potential Fungicides, Agricultural and Biological 
Chemistry, 40 (1976) 17-21.

[28] H. Singh, L. Yadav, Synthesis of Some 5-Aryl-2-heteroaryl/heteroarylamino-l, 3, 4-oxadiazoles as 
Potential Fungicides, Agricultural and Biological Chemistry, 40 (1976) 759-764.



30

[29] M. Taha, F. Rahim, S. Imran, N. H. Ismail, H. Ullah, M. Selvaraj, M. T. Javid, U. Salar, M. Ali, K. 
M. Khan, Synthesis, α-glucosidase inhibitory activity and in silico study of tris-indole hybrid 
scaffold with oxadiazole ring: As potential leads for the management of type-II diabetes mellitus, 
Bioorganic Chemistry, 74 (2017) 30-40.

[30] M. Taha, S. Imran, F. Rahim, A. Wadood, K. M. Khan, Oxindole based oxadiazole hybrid analogs: 
Novel α-glucosidase inhibitors, Bioorganic Chemistry, 76 (2018) 273-280.

[31] A. Pac, S. Buscemi, A. Palumbo, P. I. Pibiri, Recent Advances in the Chemistry of 1,2,4-
Oxadiazoles, 116 (2015), 85-130. 

[32] M. Taha, N. H. Ismail, S.Imran, M. Q. Rokei, S. M. Saad, K. M. Khan, Synthesis of new 
oxadiazole derivatives as α-glucosidase inhibitors, Bioorganic and Medicinal Chemistry, 23 (2015) 
4155-4162.

[33] J. Boström, A. H. Antonio, L. Eric, W. Alleyn, T. Plowright, Oxadiazoles in Medicinal Chemistry, 
Journal of Medicinal Chemistry, 55 (2012) 1817-1830.

[34] M. Taha, N. H. Ismail, S. Imran, M. Selvaraj, A. Rahim, M. Ali, S. Siddiqui, F. Rahim, K. M. 
Khan, Bioorganic and Medicinal Chemistry, 23 (2015) 7394-9404.

[35] P. Santos, P. S. Santiago, Vitor, Lima, Marco, 1,2,4- and 1,3,4-Oxadiazoles as Scaffolds in the 
Development of Antiparasitic Agents, Journal of the Brazilian Chemical Society, 29 (2018) 435-
456.

[36] M. Husain, A. Kumar, R. Srivastava, Synthesis of N-(2-Naphthyloxyacetyl) thiosemicarbazides and 
2-arylamino-5-(2-naphthyloxymethyl)-1, 3, 4-thiadiazoles/oxadiazoles as oral hypoglycemic 
agents, Current Science, (1986) 644-646.

[37] A. Almasirad, S.A. Tabatabai, M. Faizi, A. Kebriaeezadeh, N. Mehrabi, A. Dalvandi, A. Shafiee, 
Synthesis and anticonvulsant activity of new 2-substituted-5-[2-(2-fluorophenoxy) phenyl]-1, 3, 4-
oxadiazoles and 1, 2, 4-triazoles, Bioorganic & medicinal chemistry letters, 14 (2004) 6057-6059.

[38] T.H. Maren, Relatons between structure and biological activity of sulfonamides, Annual Reviews 
of Pharmacology and Toxicology, 16 (1976) 309-327.

[39] A.K. Lampa, S.M. Bergman, S.S. Gustafsson, H. Alogheli, E.B. Akerblom, G.G. Lindeberg, R.M. 
Svensson, P. Artursson, U.H. Danielson, A. Karlen, A. Sandstrom, Novel Peptidomimetic Hepatitis 
C Virus NS3/4A Protease Inhibitors Spanning the P2-P1' Region, ACS Medicinal Chemistry 
Letters, 5 (2014) 249-254.

[40] D.B. de Bont, K.M. Sliedregt-Bol, L.J. Hofmeyer, R.M. Liskamp, Increased stability of 
peptidesulfonamide peptidomimetics towards protease catalyzed degradation, Bioorganic and 
Medicinal Chemistry, 7 (1999) 1043-1047.

[41] A.K. Timiri, S. Selvarasu, M. Kesherwani, V. Vijayan, B.N. Sinha, V. Devadasan, V. Jayaprakash, 
Synthesis and molecular modelling studies of novel sulphonamide derivatives as dengue virus 2 
protease inhibitors, Bioorganic Chemistry, 62 (2015) 74-82.

[42] A. K. Timiri, B. N. Sinha and V. Jayaprakash, Progress and prospects on DENV protease 
inhibitors, European Journal of Medicinal Chemistry, 117(2016) 125-143.

[43] S. Pelliccia, Y.-H. Wu, A. Coluccia, G. La Regina, C.-K. Tseng, V. Famiglini, D. Masci, J. Hiscott, 
J.-C. Lee and R. Silvestri, Inhibition of dengue virus replication by novel inhibitors of RNA-
dependent RNA polymerase and protease activities, Journal of Enzyme Inhibition and Medicinal. 
Chemistry., 32 (2017) 1091-1101.

[44] P. Selvam, D.R. Lakra, C. Pannecouque, E. De Clercq, Synthesis, antiviral and cytotoxicity studies 
of novel N-substituted indophenazine derivatives, Indian journal of pharmaceutical sciences, 74 
(2012) 275.

[45] H. Akgün, İ. Karamelekoğlu, B. Berk, I. Kurnaz, G. Sarıbıyık, S. Öktem, T. Kocagöz, Synthesis 
and antimycobacterial activity of some phthalimide derivatives, Bioorganic & Medicinal 
Chemistry, 20 (2012) 4149-4154.

[46] M. Matsushita, Y. Ozaki, Y. Hasegawa, F. Terada, N. Tabata, H. Shiheido, H. Yanagawa, T. 
Oikawa, K. Matsuo, W. Du, A novel phthalimide derivative, TC11, has preclinical effects on high-
risk myeloma cells and osteoclasts, PloS one, 10 (2015) e0116135.



31

[47] G. Mustafa, I.U. Khan, M. Ashraf, I. Afzal, S.A. Shahzad, M. Shafiq, Synthesis of new 
sulfonamides as lipoxygenase inhibitors, Bioorganic and Medicinal Chemistry, 20 (2012) 2535-
2539.

[48] M. Zareef, R. Iqbal, B. Mirza, K.M. Khan, A. Manan, F. Asim, S.W. Khan, Synthesis and 
antimicrobial activity of some derivatives of acylhydrazine including novel 
benzenediazasulfonamides, Arkivoc, (2008) 141-152.

[49] D. Horning, J. Muchowski, Five-membered heterocyclic thiones. Part I. 1, 3, 4-Oxadiazole-2-
thione, Canadian Journal of Chemistry, 50 (1972) 3079-3082.

[50] T. Syed, T. Akhtar, N.A. Al-Masoudi, P.G. Jones, S. Hameed, Synthesis, QSAR and anti-HIV 
activity of new 5-benzylthio-1,3,4-oxadiazoles derived from alpha-amino acids, Journal of Enzyme 
Inhibition and Medicinal. Chemistry, 26 (2011) 668-680.

[51] B.A. Khan, S. Zafar, E.U. Mughal, M.N. Ahmed, S.S. Hamdani, T. Akhtar, I. Ul-Haq, A. Sadiz, 
K.M. Khan, Design and synthesis of novel 1,3,4-oxadiazole derivatives bearing azo moiety as 
biologically significant scaffolds, Letters in Drug Design & Discovery, 15 (2018) 1346-1355.

[52] G.C. Ramaprasad, B. Kalluraya, B.S. Kumar, R.K. Hunnur, Synthesis and biological property of 
some novel 1,3,4-oxadiazoles, European Journal of Medicinal Chemistry, 45 (2010) 4587-4593.

[53] D. Leung, K. Schroder, H. White, N.X. Fang, M.J. Stoermer, G. Abbenante, J.L. Martin, P.R. 
Young, D.P. Fairlie, Activity of recombinant dengue 2 virus NS3 protease in the presence of a 
truncated NS2B co-factor, small peptide substrates, and inhibitors, Journal of Biological Chemistry, 
276 (2001) 45762-45771.

[54] O. Trott, A.J. Olson, AutoDock Vina: improving the speed and accuracy of docking with a new 
scoring function, efficient optimization, and multithreading, Journal of Computational Chemistry, 
31 (2010) 455-461.

[55] Y. Yao, T. Huo, Y.L. Lin, S. Nie, F. Wu, Y. Hua, J. Wu, A.R. Kneubehl, M.B. Vogt, R. Rico-
Hesse, Y. Song, Discovery, X-ray Crystallography and Antiviral Activity of Allosteric Inhibitors of 
Flavivirus NS2B-NS3 Protease, Journal of the American Chemical Society, 141 (2019) 6832-6836.

[56] H. N. Saleem, F. Batool, H. J. Mansoor, S. Shahzad-Ul-Hussan, M. Saeed, Inhibition of dengue 
virus protease by eugeniin, isobiflorin, and biflorin isolated from the flower buds of syzygium 
aromaticum (cloves). ACS Omega, 4 (2019) 1525-1533.



32

Graphical Abstract

8a: R =CH3, n =1; 8b: R =CH3,n =2; 8c: R =CH3, n =4
8d: R =CH3, n =6; 8e: R =CF3, n =1; 8f: R =CF3, n =2
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Highlights
A series of novel S-benzyl- and S-alkylphthalimide- oxadiazole-
benzenesulfonamide hybrids was synthesized.
Bioactivity assays demonstrated that 8g and 8h are the most potent non-
competitive inhibitors of NS2B/NS3pro among the synthesized analogs.
Computational assessment predicted the binding of the inhibitors at an 
allosteric site developed in the open conformation of DENV2 
NS2B/NS3pro.


