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Development of antivirals for dengue is now based on rational approach targeting the enzymes involved
in its life cycle. Among the targets available for inhibition of dengue virus, non-structural protein
NS2B–NS3 protease is considered as a promising target for the development of anti-dengue agents. In
the current study we have synthesized a series of 4-(1,3-dioxo-2,3-dihydro-1H-isoindol-2-yl)benzene-
1-sulphonamide derivatives and screened for DENV2 protease activity. Compounds 16 and 19 showed
IC50 of DENV2 Protease activity with 48.2 and 121.9 lM respectively. Molecular docking and molecular
dynamic simulation studies were carried out to know the binding mode responsible for the activity.
MD simulations revealed that, NS2B/NS3 protease was more stable when it binds with the active com-
pound. Structure optimization of the lead compounds 16 and 19 and their co-crystallization studies
are underway.

� 2015 Elsevier Inc. All rights reserved.
1. Introduction

Dengue is the oldest viral infection reported in Chinese medical
encyclopedia during the Jin-dynasty (265–420 AD) as ‘‘water poi-
son’’ associated with flying insects [1]. First confirmed case of den-
gue case reported in 1789 and is by Benjamin Rush, who coined the
term ‘‘break bone fever’’ because of the symptoms of myalgia and
arthralgia [2]. Dengue is widespread mosquito-borne disease,
which is rapidly spreading throughout the globe where the mos-
quito vector Aedes aegypti is found [3]. Dengue infection is caused
by dengue virus (DENV), which belongs to the family Flaviviridae
[4] and is one of the major emerging pathogens for which there
is neither a vaccine nor any antiviral therapy. Among all viral hem-
orrhagic fevers, dengue accounts maximum [5]. There are four ser-
otypes in Dengue virus, DENV1–DENV4 [6]. According to World
Health Organization (WHO) statistics 2012, 2.5 billion people are
at risk for dengue infection throughout the world [7]. A recent
study estimates about 390 million dengue infections takes per
year, in which 96 million manifest some level of clinical or subclin-
ical severity [8]. Another study estimates that 3900 million in 128
countries are at risk with dengue virus [9]. Dengue virus has RNA
as genetic material. Upon infection, the genomic RNA of the virus
is translated by the host cell machinery into a single polyprotein,
which is subsequently cleaved and processed into ten distinct
structural (C, prM and E) and nonstructural (NS1, NS2A, NS2B,
NS3, NS4A, NS4B and NS5) proteins [6]. Dengue Virus encodes
for a two component protease NS2B–NS3 which is responsible
for the processing at the junctions of NS2A/NS2B, NS2B/NS3,
NS3/NS4A and NS4B/NS5, as well as at internal sites within C,
2A, NS3, NS4A [6,10,11]. This makes the NS2B–NS3 protease an
ideal target for drug design against dengue infection.

Non-peptidic small molecule inhibitors are targeted success-
fully against HCV and HIV viral proteases and their resistant strains
[12–14]. Moreover, small molecule inhibitors promote large con-
formational changes in the dengue virus NS2B–NS3 protease [15]
for example, 8-hydroxy quinoline derivatives [16], anthracene
based inhibitors [17], a-keto amides [18], aryl cyanoacryl amides
[19], 1,2-benzisothiazole-3(2H)-one, 1,3,4-oxadiazole hybrid
derivatives [20], benz[d]isothiazol-3(2H)-one derivatives [21] and
cyclohexenylchalcone derivatives from natural product [22]. They
were reported to inhibit DENV protease.

High throughput virtual screening (HTVS) protocol was found
very successful for getting leads in drug discovery [23]. In an
attempt to obtain selective inhibitors of the DENV NS2B/NS3 pro-
tease, HTVS was performed. Whole Zinc 8 database was filtered
for drug like molecules and resultant dataset was docked to
DENV2 NS2B/NS3 protease (pdb code: 2FOM [24]). Top hundred
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Fig. 1. Best scaffolds as inhibitors against DENV2 protease.

Table 1
DENV protease activity of Compounds 1–20.

Compound code R R1 IC50 (lM)

1 H H >100
2 Methyl Methyl >100
3 Ethyl Ethyl >100
4 Isopropyl H >100
5 >100

6 >100

7 Phenyl H >100
8 2-Hydroxy Phenyl H >100
9 3-Methoxy Phenyl H >100
10 4-Methoxy Phenyl H >100
11 3-Chloro Phenyl H >100
12 4-Chloro Phenyl H >100
13 2-Methyl phenyl H >100
14 3-Methyl phenyl H >100
15 4-Methyl phenyl H >100
16 4-Ethyl phenyl H 48.2
17 4-Nitro phenyl H >100
18 Phenyl-4-carboxylic acid H >100
19 1-Napthyl H 121.9
20 Phenyl ethyl H >100
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molecules were manually analyzed to pick different scaffolds
(Fig. 1) that makes a diverse set. Among the top 4-(5,7-dioxo-5H-
pyrrolo[3,4-b]pyridin-6(7H)-yl)-2-fluorobenzenesulphonamide has
created interest, because it has phthalimide (1,3-dioxoiso-
indolin-2-yl) kind of scaffold bonded to sulphonamide group.
Many sulphonamides were reported as protease inhibitor for HIV
[25] and HCV [26]. Moreover, sulphonamides mimic peptide bond
by increasing the stability towards protease catalyzed degradation
[27]. Apart from it, phthalimide derivatives are reported to have
antiviral activities [28], antimycobacterial activities [29] and they
are very recently reported to have anticancer activity [30]. This cre-
ated enthusiasm to synthesize few phthalimide–sulphonamides
hybrid analogues. We synthesized few 4-(1,3-dioxoisoindolin-2-yl)
benzenesulphonamide derivatives (see Table 1) and investigated
for anti DENV2 protease activity and two compounds were found
to have DENV2 protease inhibitory activity at lower micro molar
concentration. In order to understand the interaction of active
compounds (16 and 19) with the DENV2 protease, protein struc-
ture was modelled against DENV3 X-ray crystal structure
(PDB: 3U1I). This has provided much clear picture of DENV2
protease in its catalytically competent form.

2. Experimental section

2.1. Materials and methods

Chemicals and solvents were of reagent grade and purchased
from Sigma–Aldrich/Merck/CDH/Rankem. Completions of reaction
were monitored on TLC plates (Merck™, KGaA, Germany). Melting
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points were determined on an OPTIMELT automated system
apparatus and are uncorrected melting points. Intermediate was
characterized by its melting point. Final compounds were
characterized by their 1H NMR (400 MHz) VNMRS 400, in
DMSO-d6 as a solvent. 13C NMR was done in Bruker AMX 300
NMR spectrometer with tetra methyl silane as internal standard.
Mass spectra were recorded by WATERS-Q-T of Premier-HAB213
using the (ESI–MS) Electro spray Ionization technique. In the
Proton NMR Spectra the coupling constants (J) are expressed in
hertz (Hz). Chemical shifts (d) of NMR are reported in parts per
million (ppm) units relative to the solvent. For X-ray crystal struc-
ture, data collection was done using APEX2, cell refinement was
done using APEX2, data reduction was done using SAINT,
SHELXL97 program was used to solve and refine the structure,
molecular graphics was done using ORTEP-3 and software used to
prepare material for publication are SHELXL97 and PLATON. For
computational analysis, a molecular docking study was performed
using GLIDE, Schrodinger suite 2009. Molecular Dynamics simula-
tion analysis was done using AMBER.

2.2. General procedure for 2-Phenyl-1, 3-isoindolinedione [31]

A mixture of aniline (0.36 mL, 4.0 mmol), phthalic anhydride
(0.5 g, 3.4 mmol), and 20 mL of glacial acetic acid was stirred under
nitrogen at 120 �C for 2 h. After that the mixture was cooled and
30 mL of cold water was added. A white colour product precipi-
tated out. The product was filtered and washed with cold water
and dried. Yield is 90%.

2.3. General procedure for 4-(1, 3-Dioxo-2, 3-dihydro-1H-2-
isoindolyl)-1-benzenesulfonyl chloride [31]

To a solution of 0.16 g (0.09 mL, 1.35 mmol) of chlorosulphonic
acid and 0.14 g (0.67 mmol) of phosphorus pentachloride that had
been stirred for 10 min, was added 0.15 g (0.67 mmol) of
N-phenyl-phthalimide in small portion. The resulting mixture
was stirred and heated at 60 �C for 30 min. The reaction mixture
was poured onto ice and extracted with chloroform. The organic
phase was separated, washed with brine, dried over anhydrous
sodium sulfate and evaporated in vacuo to furnish compound in
70% yield, as a white solid. Mp 180–182 �C.

2.4. Representative procedure for sulphonamides (1–20)

To a solution of sulphonyl chloride derivative (0.5 g, 1.56 mmol)
in 50 mL of methylene chloride in round bottom flask kept under
ice bath was added pyridine (1.872 mmol) and stirred for half an
hour and to this mixture was added the functionalized amine
derivatives (3.12 mmol). The reaction mixture was stirred for
about 0.5–4 h, at room temperature. The reaction was monitored
by TLC. Next, the phthalimide derivatives 1–20 were isolated by
addition of 50 mL of methylene chloride and extraction with 1 N
HCl and brine. The organic layer was dried over anhydrous sodium
sulfate and evaporated in vacuo to give the sulphonamide deriva-
tives in good to excellent yields. 1HNMR, 13CNMR, MS spectra of
the compounds and addition X-ray crystal structure information
are provided in supplementary material.

2.4.1. 4-(1,3-Dioxoisoindolin-2-yl)benzenesulphonamide (1)
Yield = 81%; Pale white amorphous powder. Mp: 320–322 �C;

1H NMR (400 MHz, DMSO-d6) d 7.46 (s, 1H, ANH), 7.67 (d, 2H,
J = 8.4 Hz, ArAH), 7.96 (m, 4H, ArAH); MS (ESI): m/z 303 [M + H]+.

2.4.2. 4-(1,3-Dioxoisoindolin-2-yl)-N,N-dimethyl benzenesulphonamide
(2)

Yield = 85%; Pale white amorphous powder. Mp 242–244 �C; 1H
NMR (400 MHz, DMSO-d6) d 2.15 (s, 3H, ACH3), 2.38 ((m, 4H,
A(CH2)AN), 2.94 (m, 4H, Ar), 7.78 (d, 2H, J = 8.4 Hz, ArAH), 7.88
(m, 4H, ArAH), 8.00 (m, 2H, ArAH); MS (ESI): m/z 330 [M]+.

2.4.3. 4-(1,3-Dioxoisoindolin-2-yl)-N,N-diethyl benzenesulphonamide
(3)

Yield = 94%; Pale white amorphous powder. Mp: 178–180 �C;
1H NMR (400 MHz, DMSO-d6) d 1.08 (t, 6H, A(CH3), J = 6.8 Hz),
3.21(q, 4H, A(CH2)A, J = 7.2 Hz), 7.71(d, 2H, J = 8.4 Hz, ArAH),
7.96(m, 6H, ArAH); 13CNMR (75 MHz, DMSO-d6) d 14.35, 42.13,
123.65, 127.45, 127.65, 131.48, 134.95, 135.54, 138.75, 166.62;
MS (ESI): m/z 359 [M + H]+.

2.4.4. 4-(1,3-Dioxoisoindolin-2-yl)-N-isopropyl benzenesulphonamide
(4)

Yield = 95%; Pale white amorphous powder. Mp: 188–190 �C;
1H NMR (400 MHz, DMSO-d6) d 0.98 (d, 6H, (CH3)2, J = 6.8 Hz),
1.09(m, 1H, ACH), 7.73 (m, 4H, ArAH), 7.96 (m, 6H, ArAH); MS
(ESI): m/z 345 [M + H]+.

2.4.5. 2-(4-(Piperidin-1-ylsulphonyl)phenyl)isoindoline-1,3-dione (5)
Yield = 80%; Pale white amorphous powder. Mp: 165–167 �C;

1H NMR (400 MHz, DMSO-d6) d 2.59(s, 3H, ACH3), 2.68 (s, 3H,
ACH3), 7.36 (d, 1H, J = 6.4 Hz, ArAH), 7.57(m, 1H, ArAH), 7.76
(m, 2H, ArAH), 7.97(m, 4H, ArAH); 13CNMR (75 MHz, DMSO-d6)
d 22.81, 24.75, 46.65, 123.65, 127.49, 128.17, 128.63, 131.46,
134.52, 134.95, 135.92, 166.57; MS (ESI): m/z 371 [M + H]+.

2.4.6. 2-(4-(4-Methylpiperazin-1-ylsulphonyl)phenyl)isoindoline-1,3-
dione (6)

Yield = 80%; Pale white amorphous powder. Mp: 191–193 �C;
1H NMR (400 MHz, DMSO-d6) d 1.56 (m, 4H, A(CH2)ANH), 2.95
((m, 4H, A(CH2)AN), 7.76(m, 2H, ArAH), 7.88 (m, 4H, ArAH),
8.00 (m, 2H, ArAH), 8.32(s, 1H, NH); MS (ESI): m/z 386 [M + H]+.

2.4.7. 4-(1,3-Dioxoisoindolin-2-yl)-N-phenylbenzenesulphonamide
(7)

Yield = 68%; Off white amorphous powder (purified by column
chromatography using hexane/ethyl acetate 1:1 as eluent). Mp
226–228 �C; 1H NMR (400 MHz, DMSO-d6) d 7.05 (t, 1H,
J = 7.6 Hz, ArAH), 7.15 (d, 2H, J = 4 Hz, ArAH), 7.26(t, 2H,
J = 7.6 Hz, ArAH), 7.67 (d, 2H, 8.4 Hz), 7.93 (m, 4H, ArAH),
7.98(m, 2H, ArAH), 10.42(s, 1H, NH); MS (ESI): m/z 379 [M + H]+.

2.4.8. 4-(1,3-Dioxoisoindolin-2-yl)-N-(2-hydroxyphenyl)benzene-
sulphonamide (8)

Yield: 86% Pale brownish white amorphous powder. Mp: 392–
394 �C, 1H NMR (DMSO-D6) d 6.73 (m, 2H, Ar), 6.95 (m, 1H, Ar),
7.18 (d, 1H, Ar, J = 8.8 Hz), 7.68 (m, 2H, Ar), 7.94 (m, 6H, Ar), 9.45
(s, 1H, NH), 9.7 (s, 1H, OH); MS (ESI): m/z 394 [M]+.

2.4.9. 4-(1,3-Dioxoisoindolin-2-yl)-N-(3-methoxyphenyl)benzene-
sulphonamide (9)

Yield: 85%; Pale white amorphous powder. Mp: 203–205 �C; 1H
NMR (400 MHz, DMSO-d6) d 3.67 (s, 3H, OCH3), 6.71 (m, 2H,
ArAH), 7.15 (t, 1H, J = 8.4 Hz, ArAH), 7.6 (d, 2H, J = 8.4 Hz, ArAH),
7.92 (m, 4H, ArAH), 7.98 (m, 2H, ArAH), 10.42 (s, 1H, NH); MS
(ESI): m/z 409 [M + H]+.

2.4.10. 4-(1,3-Dioxoisoindolin-2-yl)-N-(4-methoxyphenyl)benzene-
sulphonamide (10)

Yield: 79%; Pale white amorphous powder. Mp: 168–170 �C; 1H
NMR (400 MHz, DMSO-d6) d 3.67 (s, 3H, OCH3), 6.83 (d, 2H,
J = 9.2 Hz, ArAH), 7.03 (d, 2H, J = 8.8 Hz, ArAH), 7.16 (m, 1H,
ArAH), 7.25 (m, 1H, ArAH), 7.65(d, 2H, J = 8.8 Hz, ArAH), 7.84(d,
2H, J = 8.8 Hz, ArAH), 7.92 (m, 2H, ArAH), 7.98 (m, 2H, ArAH),
10.05(s, 1H, NH); MS (ESI): m/z 409 [M + H]+.



A.K. Timiri et al. / Bioorganic Chemistry 62 (2015) 74–82 77
2.4.11. N-(3-chlorophenyl)-4-(1,3-dioxoisoindolin-2-yl)benzene-
sulphonamide (11)

Yield: 81%; Buff white amorphous powder. Mp: 223–225 �C; 1H
NMR (400 MHz, DMSO-d6) d 7.140 (t, 2H, J = 8 Hz, ArAH), 7.172(s,
1H, ArAH), 7.30 (t, 1H, J = 7.6 Hz, ArAH), 7.70 (d, 2H, J = 8.4 Hz,
ArAH), 7.91 (m, 2H, ArAH), 7.93 (m, 2H, ArAH), 7.98(m, 2H,
ArAH), 10.7(s, 1H, NH); MS (ESI): m/z 412 [M]+.

2.4.12. N-(4-chlorophenyl)-4-(1,3-dioxoisoindolin-2-yl)benzene-
sulphonamide (12)

Yield: 83%; Pale white amorphous powder. Mp: 212–214 �C; 1H
NMR (400 MHz, DMSO-d6) d 7.16 (d, 2H, J = 9.2 Hz, ArAH), 7.32 (d,
2H, J = 8.8 Hz, ArAH), 7.68(d, 2H, J = 8 Hz, ArAH), 7.92 (m, 4H,
ArAH), 7.99 (m, 2H, ArAH), 10.57 (s, 1H, NH); MS (ESI): m/z 412
[M]+.

2.4.13. 4-(1,3-Dioxoisoindolin-2-yl)-N-o-tolylbenzenesulphonamide
(13)

Yield: 89%. Pale pink amorphous powder. Mp: 391–393 �C, 1H
NMR (DMSO-D6) d 2.03 (s, 3H, CH3), 7.01 (m, 1H, Ar), 7.14 (m,
3H, Ar), 7.67 (d, 2H, Ar, J = 8.4 Hz), 7.82 (d, 2H, Ar, J = 8.8 Hz),
7.92 (m, 2H, Ar), 7.99 (m, 2H, Ar), 9.72(s, 1H, NH); MS (ESI):
(m/z) 393 [M + H]+.

2.4.14. 4-(1,3-Dioxoisoindolin-2-yl)-N-m-tolylbenzenesulphonamide
(14)

Yield = 90%; Pale pinkish white amorphous powder. Mp: 241–
243 �C; 1H NMR (400 MHz, DMSO-d6) d 2.21 (s, 3H, CH3), 6.86(d,
1H, J = 7.2 Hz, ArAH), 6.95(d, 2H, J = 6.8 Hz, ArAH), 7.13 (t, 1H,
J = 8 Hz, ArAH), 7.66 (d, 2H, J = 8.8 Hz, ArAH), 7.91 (m, 4H,
ArAH), 7.98 (m, 2H, ArAH), 10.33(s, 1H, NH); MS (ESI): m/z 393
[M + H]+.

2.4.15. 4-(1,3-Dioxoisoindolin-2-yl)-N-p-tolylbenzenesulphonamide
(15)

Yield = 84%; Off white amorphous powder. Mp: 224–226 �C; 1H
NMR (400 MHz, DMSO-d6) d 2.19 (s, 3H, CH3), 7.04 (dd, 4H,
J = 13.2 Hz, 8.8 Hz, ArAH), 7.65 (d, 2H, J = 8 Hz, ArAH), 7.91 (m,
4H, ArAH), 7.98 (m, 2H, ArAH), 10.24 (s, 1H, NH); MS (ESI): m/z
393 [M + H]+.

2.4.16. 4-(1,3-Dioxoisoindolin-2-yl)-N-(4-ethylphenyl)benzene-
sulphonamide (16)

Yield = 88%; Pale pinkish white amorphous powder. Mp 212–
214 �C; 1H NMR (400 MHz, DMSO-d6) d 1.19 (t, 3H, ACH3,
J = 7.2 Hz), 2.59 (q, 2H, ACH2A, J = 7.4 Hz), 7.01 (d, 2H, J = 8.4 Hz,
ArAH), 7.09 (d, 2H, J = 8.0 Hz, ArAH), 7.63 (d, 2H, J = 8.4 Hz,
ArAH), 7.84 (m, 4H, ArAH), 7.96 (m, 4H, ArAH); 13CNMR
(75 MHz, DMSO-d6) d 15.45, 27.46, 120.43, 123.66, 127.40,
127.52, 128.56, 131.44, 134.96, 135.11, 135.68, 138.64, 139.80,
166.56; MS (ESI): m/z 406 [M]+.

2.4.17. 4-(1,3-Dioxoisoindolin-2-yl)-N-(4-nitrophenyl)benzene-
sulphonamide (17)

Yield = 75%; Pale yellow colour amorphous powder. Mp: 244–
246 �C; 1H NMR (400 MHz, DMSO-d6) d 7.37 (d, 2H, J = 9.2 Hz,
ArAH), 7.72 (d, 2H, J = 8.8 Hz, ArAH), 7.91 (d, 2H, J = 3.2 Hz,
ArAH), 7.98 (d, 2H, J = 3.2 Hz, ArAH), 8.05 (d, 2H, J = 8.4 Hz,
ArAH), 8.17 (d, 2H, J = 9.2 Hz, ArAH), 11.43 (s, 1H, NH); MS (ESI):
m/z 423 [M]+.

2.4.18. 4-(4-(1,3-Dioxoisoindolin-2-yl)phenylsulphonamido)benzoic
acid (18)

Yield = 76%; Pale pinkish white amorphous powder. Mp: 263–
265 �C; 1H NMR (400 MHz, DMSO-d6) d 7.26 (d, 2H, J = 8.4 Hz,
ArAH), 7.70 (d, 2H, J = 9.2 Hz, ArAH), 7.83 (d, 2H, J = 8.8 Hz,
ArAH), 7.91 (m, 2H, ArAH), 8.02 (m, 4H, ArAH), 10.94 (s, 1H,
NH); 13CNMR (75 MHz, DMSO-d6) d 118.19, 123.67, 125.81,
126.15, 126.76, 127.29, 127.50, 127.64, 130.91, 131.43, 134.96,
136.08, 138.25, 141.89, 142.07, 146.28, 166.50, 166.79; MS (ESI):
m/z 423 [M + H]+.

2.4.19. 4-(1,3-Dioxoisoindolin-2-yl)-N-(naphthalen-1-yl)benzene-
sulphonamide (19)

Yield = 88%; Pale purple colour amorphous powder. Mp: 198–
200 �C; 1H NMR (400 MHz, DMSO-d6) d 7.21(d, 1H, J = 8 Hz,
ArAH), 7.40–7.50(m, 3H, ArAH), 7.62(s, 1H, ArAH), 7.64 (s, 1H,
ArAH), 7.86(d, 1H, J = 8 Hz, ArAH), 7.89–7.99 (m, 7H, ArAH), 8.04
(d,1H, J = 8 Hz, ArAH), 10.37 (s, 1H, NH); MS (ESI): m/z 429
[M + H]+.

2.4.20. 4-(1,3-Dioxoisoindolin-2-yl)-N-phenethylbenzenesulphonamide
(20)

Yield = 90%; Pale white amorphous powder. Mp: 170–172 �C;
1H NMR (400 MHz, DMSO-d6) d 2.78 (m, 2H, ACH2), 3.03 (m, 2H,
ACH2), 7.27(m, 5H, ArAH), 7.62 (m, 3H, ArAH), 7.76 (s, 1H,
ArAH), 7.91 (m, 5H, ArAH), 10.72 (s, 1H, NH); 13CNMR (75 MHz,
DMSO-d6) d 35.38, 44.18, 123.66, 126.33, 127.25, 127.66, 128.40,
128.75, 131.52, 134.95, 135.34, 138.69, 139.54, 166.66; MS (ESI):
m/z 407 [M + H]+.

2.5. X-ray crystallographic study of Compound 16

Single crystals of compound 16 suitable for X-ray diffraction
were obtained by slow evaporation method. Three dimensional
intensity data were collected on a Bruker SMART APEX CCD [32]
diffractometer using graphite monochromatized Mo Ka radiation
(k = 0.71073 Å). The intensity data collection, frames integration,
Lorentz Polarization (LP) correction were done using SAINT soft-
ware [32]. Empirical absorption correction (multi-scan) was per-
formed using SADABS program [32]. The structure was solved by
direct methods using SHLEXS 97 and refined by full-matrix
least-squares procedures using SHELXL97 programs [33]. The
molecular geometry was calculated using PARST [32]. All
non-hydrogen atoms were first refined isotropically and then with
anisotropic displacement parameters. The hydrogen atoms were
included in the structure factor calculation at idealized positions
by using a riding model, but not refined. The final R-factor con-
verged to 4.3%. Table 2 summarizes the crystal data. Compound
16, C22H18N2O4S1 crystallizes in monoclinic P 21/c space group.
The ORTEP plot [34] of the molecule is shown in Fig. 2. The isoin-
dole ring adopts a planar conformation and cyclobenzene rings
(C9AC14) and (C15AC20) also adopt a planar conformation. The
isoindole ring makes a dihedral angle of 48.16 (1)� with the
cyclobenzene ring (C9AC14) and 84.28 (1)� with the cyclobenzene
ring (C15AC20).

In the crystal, the molecular structure is stabilized by inter-
molecular of NAH� � �O hydrogen bonds, generating the R2

2 (8) ring
motifs [35] and intramolecular CAH���O hydrogen bonds. (Fig. 3
and Table 3). Selected bond lengths and bond angles are given in
supplementary information.

2.6. DENV2 protease assay [36]

To measure the inhibitory activities of the compounds, the
DENV2 NS2B–NS3 protease activities were measured in the pres-
ence of the compounds using Bz-Nle-Lys-Arg-Arg-AMC as a sub-
strate. The enzyme concentration in the assay was 125 nM, and
the substrate concentration was 20 lM in 10 Mm Tris–HCl pH
8.5, 20% Glycerol, and 1 mM CHAPS. The inhibitor concentrations
were 100 lM for the first round and between 3.125 and 400 lM
for the compounds 16 and 19 in the second round. Before adding



Table 2
Summary of crystallographic data collection and refinement data.

Molecular formula C22 H18 N2 O4 S F(000) 848
Cell volume 1947.87 (7) Crystal size (mm) 0.30 � 0.25 � 0.20
Unit cell parameters (Å) a = 11.8320(2) Theta range for data collection (�) 1.8–28.40

b = 8.3022(2)
c = 20.6777(4)
b = 106.473 (4)

Crystal system Monoclinic Limiting indices �15 6 h 6 15
�11 6 k 6 11
�27 6 l 6 27

Space group P21/c Reflections collected/unique 18,290/4844
Mol. weight 406.44 Refinement method Full-matrix least-squares on F2

Z, Dcal (mg m�3) 4, 1.386 Data/restraints/parameters 4844/0/263
Crystal Habit Block Goodness-of-fit on F2 1.050
Crystal Colour Colourless Final R indices [I > 2r(I)] R1 = 0.043

WR2 = 0.111
R-factor 0.043 R indices (all data) R1 = 0.072

WR2 = 0.125
Abs. Coeff 0.031 Largest diff. peak and hole (e Å�3) 0.039 and �0.39

Fig. 2. ORTEP diagram of compound 16. Displacement ellipsoids are drawn at 30% probability level.
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the substrate, the enzyme and the inhibitors were incubated at
37 �C for 15 min. All inhibition measurements were carried out in
three independent determinations which were performed in dupli-
cate and the experimental values were averaged. All reactions were
performed in 96-well plates with a final volume of 50 lL per each
wells using the FLx800 fluorescence micro plate reader (BioTek)
with excitation wavelength at 380 nm, and emission wavelength
at 460 nm. IC50 values were determined using GraphPad Prism
5.0 (GraphPad Software).
Fig. 3. The crystal packing of the compound 16 viewed along the b axis. The
hydrogen bonds are shown as dashed lines (see supplementary information for
details; H-atoms not involved in H-bonds have been excluded for clarity).
2.7. Molecular docking

To investigate mechanism of action, docking studies were per-
formed for two active compounds. The FASTA sequence of dengue
virus NS2B–NS3 protease (PDB code: 2FOM [24]) was downloaded
from www.rcsb.org was modelled from 3U1I [40] as template
using Modeller 9.15. To understand the binding pattern of active
compounds with NS2B–NS3 Protease, induced fit docking was per-
formed by molecular modelling software GLIDE of Maestro 9.2,
Schrodinger suite 2009 [37].

Glide calculations use an all-atom force field for accurate energy
evaluation. Thus, Glide requires bond orders and ionization states
to be properly assigned and performs better when side chains
are reoriented when necessary and steric clashes are relieved. A

http://www.rcsb.org


Table 3
Hydrogen-bond geometry (Å) for compound 14.

DAH� � �A D AH (Å) H� � �A (Å) D� � �A (Å) DAH� � �A [�]

N(1)AH(1)� � �O(4)i 0.86 2.33 2.943(2) 128
C(11)AH(11)� � �O(3) 0.97 2.52 2.893(2) 104
C(16)AH(16)� � �(O3) 0.93 2.47 3.084(2) 124

Symmetry codes: i = �x + 2, �y + 2, �z + 2.

Scheme 1. Reagents and conditions: (i) Glacial acetic acid, reflux, 4 h (ii) PCl5, HSO3Cl, DC
DCM, 0 �C-rt, 0.5–5 h.

Fig. 4. (a) IC50 of compound 16; (b) IC50 of compound 19.
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grid was constructed around the active site residues His90, Asp114
and Ser174 using receptor grid generation protocol of Maestro 9.2
module Schrodinger suite 2009.. The structure of compounds 16
and 19 were sketched using build panel and prepared for docking
using Ligprep module in Maestro 9.2 (Schrodinger LLC). Ligands
were minimized using OPLS_2005 force field, while all the other
parameter were kept unaltered.

The ligands were docked with the constructed grid using the
‘Extra precision’ Glide algorithm [38]. Glide uses a hierarchical ser-
ies of filters to search for possible locations of the ligand in the
active-site region of the receptor. Final scoring of docked ligand
is carried out on the energy-minimized poses Glide Score scoring
function.

3. Results and discussion

3.1. Chemistry

All the compounds were synthesized through reactions outlined
in Scheme 1. The intermediate 4-(1,3-dioxoisoindolin-2-yl)benze
ne-1-sulphonyl chloride was synthesized from
2-phenylisoindoline-1,3-dione by chlorosulphonation reaction
[39]. The second step involves SN2 nucleophillic substitution of
chloride in the intermediate with amino group of amines/aniline
derivatives. The hydrochloric acid liberated was trapped with the
base pyridine which favours the forward reaction that provided
compounds 1–20 as shown in Table 1. Intermediate was character-
ized by its melting point (Lit. value 180–182 �C [39]). All the final
compounds were characterized by their 1HNMR, 13CNMR and MS
analysis. In 1HNMR, the proton of sulphomoyl ANH displayed a
characteristic singlet between d 9.45 and d 11.43 ppm (except
compound 2, 3, 5 and 6). A multiplet was obtained for the protons
of ring A (isoindoline group) in the range of d 7.84–8.02 ppm. Two
multiplets were obtained for proton of ring B, one at around d
7.57–7.76 ppm while the other at around d 7.98–8.02 ppm. In
13CNMR, all the aromatic carbons were in the range of d
117–150 ppm and aliphatic carbons less than d 50 ppm.
Carboxylic acid group in compound 18 showed signal at
d 166 ppm. Primary carbons in compounds 3 and 16 gave signal
M, 0 �C-rt and reflux, 0.5 h (iii) various anilines/amines as shown in Table 1, Pyridine,



Fig. 5. 2-D plot showing interaction of compound 16 with modelled DENV2 NS2B/NS3 protease (figure generated using Maestro 9.2).

Fig. 6. 2-D plot showing interaction of compound 19 with modelled DENV2 NS2B/NS3 protease (figure generated using Maestro 9.2).
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at d 14–16 ppm confirmed by DEPT studies. Secondary carbons in
compounds 3, 5, 14 and 16 showed d at 22–47 ppm which were
confirmed by negative peak in DEPT-135. Tertiary carbons in com-
pounds 3, 5, 16, 18 and 20 showed d at 118–136 ppm which were
confirmed by positive peaks in DEPT-90. Whereas, quaternary car-
bons in compounds 3, 5, 16, 18 and 20 showed d at 136–167 ppm,
confirmed by absence of peak in DEPT-135. Mass spectra of all the
compounds displayed an M+/[M + H]+ as a base peak. Further, We
have succeeded in obtaining a crystal of 4-(1, 3-dioxoisoindoli
n-2-yl)-N-(4-ethylphenyl)benzenesulphonamide by slow evapora-
tion of its ethanolic solution at room temperature and its X-ray
crystallographic structure (Fig. 2) was determined through single
crystal X-ray diffraction studies.

3.2. DENV Protease assay

All the twenty compounds were tested for their inhibitory
activity against DENV2 NS2B–NS3 protease and the results are
given in Table 1. Two compounds were found to be active (16
and 19) at the concentration of 100 lM, all the other compounds
were found inactive. Activity at a serial dilution ranging from
3.125 to 400 lM were performed for the active compounds, which
gave IC50 value of 48.2 lM for compound 16 and IC50 value of
121.9 lM for compound 19 (Fig. 4a and b).
3.3. Molecular docking

Molecular docking of the compounds 16 and 19 have given a
docking score of �5.12 and �3.94 respectively with the modelled
DENV2 protease. The common interactions of both the active com-
pounds (compound 16 and compound 19) are given below (see
Figs. 5 and 6).

� p electron cloud of ring A interacts with p electron cloud of
Tyr200 by p–p stacking interaction.
� Oxygen atom present in carbonyl group of ring A, interacts with

nitrogen atom present in imidazole group of Hip90 to have
H-bond with a distance of 3.05 Å and 2.95 Å for the compounds
16 and 19 respectively.
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� @CH group present in ring A interacts with residues Asp168,
Phe169, Pro171, Tyr189 and Gly190 with hydrophobic
interactions.
� 4-ethyl phenyl group attached to sulphonamide in compound

16 and naphthyl group attached to sulphonamide in compound
19 have hydrophobic interactions with residues Trp89 and
Val111.

As there is difference in size, shape and volume of both the
active ligands, their interaction pattern in molecular docking with
modelled DENV2 protease differs. Specific interactions of
Compound 16 are given below.

� Nitrogen atom present in sulphonamide group interacts with
oxygen atom present in side chain carbonyl group of Asn191
with H-bond having a distance of 3.08 Å.
� p electron cloud of ring B and cationic nitrogen species present

in imidazole ring of Hip90 interacts with p-cation interaction.

Compound 19 contain a bulkier napthyl group, which made
some specific interactions in molecular docking with modeled
DENV2 protease given below.

� Oxygen atom of sulphonamide group, which is at 2.75 Å dis-
tance to ANH group of side chain of residue Arg93 interacts
with H-bond.
� p electron cloud present in bulkier napthyl group and cationic

nitrogen species present in imidazole ring of Hip90 interacts
with p-cation interaction.

Based on foregoing discussion, it can be concluded that the p–p
stacking interactions, hydrogen bond interactions, hydrophobic
interactions, p-cation interactions of the active ligands with the
above discussed residues are important for activity and potency
of the inhibitors.
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