
ORIGINAL RESEARCH
published: 16 April 2019

doi: 10.3389/fchem.2019.00247

Frontiers in Chemistry | www.frontiersin.org 1 April 2019 | Volume 7 | Article 247

Edited by:

Laurent G. Désaubry,

Laboratoire de Cardio-Oncologie et

Chimie Médicinale, Centre National de

la Recherche Scientifique (CNRS),

France

Reviewed by:

Abdul Sadiq,

University of Malakand, Pakistan

Jun-Seok Lee,

Korea Institute of Science and

Technology (KIST), South Korea

Maria Paola Costi,

University of Modena and Reggio

Emilia, Italy

*Correspondence:

Antonio Carta

acarta@uniss.it

Roberta Loddo

rloddo@unica.it

†These authors have contributed

equally to this work

‡These authors share senior

authorship

Specialty section:

This article was submitted to

Medicinal and Pharmaceutical

Chemistry,

a section of the journal

Frontiers in Chemistry

Received: 16 October 2018

Accepted: 27 March 2019

Published: 16 April 2019

Citation:

Piras S, Sanna G, Carta A, Corona P,

Ibba R, Loddo R, Madeddu S, Caria P,

Aulic S, Laurini E, Fermeglia M and

Pricl S (2019)

Dichloro-Phenyl-Benzotriazoles: A

New Selective Class of Human

Respiratory Syncytial Virus Entry

Inhibitors. Front. Chem. 7:247.

doi: 10.3389/fchem.2019.00247

Dichloro-Phenyl-Benzotriazoles: A
New Selective Class of Human
Respiratory Syncytial Virus Entry
Inhibitors
Sandra Piras 1†, Giuseppina Sanna 2†, Antonio Carta 1*‡, Paola Corona 1, Roberta Ibba 1,

Roberta Loddo 2*‡, Silvia Madeddu 2, Paola Caria 2, Suzana Aulic 3, Erik Laurini 3†,

Maurizio Fermeglia 3 and Sabrina Pricl 3‡

1Department of Chemistry and Pharmacy, University of Sassari, Sassari, Italy, 2Department of Biomedical Sciences,

University of Cagliari, Cagliari, Italy, 3Molecular Biology and Nanotechnology Laboratory (MolBNL@Units), DEA, University of

Trieste, Trieste, Italy

Human Respiratory Syncytial Virus (RSV) is the primary cause of bronchopneumonia

in infants and children worldwide. Clinical studies have shown that early treatments

of RSV patients with ribavirin improve prognosis, even if the use of this drug is

limited due to myelosuppression and toxicity effects. Furthermore, effective vaccines

to prevent RSV infection are currently unavailable. Thus, the development of highly

effective and specific antiviral drugs for pre-exposure prophylaxis and/or treatment

of RSV infections is a compelling need. In the quest of new RSV inhibitors, in

this work we evaluated the antiviral activity of a series of variously substituted

5,6-dichloro-1-phenyl-1(2)H-benzo[d][1,2,3]triazole derivatives in cell-based assays.

Several 1- and 2-phenyl-benzotriazoles resulted fairly potent (µM concentrations)

inhibitors of RSV infection in plaque reduction assays, accompanied by low cytotoxicity

in human highly dividing T lymphoid-derived cells and primary cell lines. Contextually, no

inhibitory effects were observed against other RNA or DNA viruses assayed, suggesting

specific activity against RSV. Further results revealed that the lead compound 10d was

active during the early phase of the RSV infection cycle. To understand whether 10d

interfered with virus attachment to target cells or virus-cell fusion events, inhibitory

activity tests against the RSV mutant strain B1 cp-52—expressing only the F envelope

glycoprotein—and a plasmid-based reporter assay that quantifies the bioactivity of viral

entry were also performed. The overall biological results, in conjunction with in silico

modeling studies, supported the conclusion that the RSV fusion process could be the

target of this new series of compounds.

Keywords: dichloro-phenylbenzotriazoles, RSV strain B1 cp-52, fusion protein, plasmid-based reporter assay,
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INTRODUCTION

Viral pneumonia is an increasing health problem worldwide, and
the incidence and number of viruses known to induce respiratory
diseases have expanded in recent years (Lee and Qureshi, 2013).
Human Respiratory Syncytial Virus (RSV) is the main etiological
agent of pneumonia, bronchiolitis, and lower respiratory tract
infections (LRTIs). In particular, RSV is the leading cause of
acute LRTIs in children less than 5 years of age (Wang et al.,
1995; Noyola et al., 2007), and the responsible for substantial
disease burden in the elderly, similar to that of non-pandemic
influenza A (Falsey et al., 2005; Falsey, 2007). Every year, this
pathogen causes 30 million LRTIs and the annual death toll from
RSV-related diseases is now∼ 200,000 (Nair et al., 2010).

RSV transmission occurs mainly through the eye and nose,
rather than the mouth. This may be via large-particle aerosols
or droplets, requiring close contact. The virus, however, does

not seem capable of traversing distances by small-particle
aerosols. Nevertheless, it is able to remain infectious on various
environmental surfaces, suggesting fomites as a source of spread.

These characteristics imply that RSV can be easily spread on
hospital wards during a community break of RSV infection.
The potential for nosocomial RSV infections is further enhanced

by the crowding on pediatric wards that occur during such
a community outbreak since, particularly in winter and early
spring, a great proportion of admissions are infants with LRTI-
related diseases who shed the virus in particularly high titer.

Actually, a prophylactic strategy based on a humanized
neutralizing antibody against RSV is available to protect
newborn babies at high-risk, such as preterm infants and those
suffering from cardiovascular diseases and immunodeficiencies
(Feltes et al., 2003; Cardenas et al., 2005). However, this
approach is costly and unaffordable for most public health
systems worldwide.

Likewise, aerosolized ribavirin (a synthetic guanosine analog)
is available for treating RSV replication. Themechanism of action
of this drug is based on the inhibition of RNA transcription; as
such, ribavirin is characterized by a broad spectrum of antiviral
activity, potential toxicity, besides relatively high cost (Ventre
and Randolph, 2007).Moreover, the use of ribavirin is still limited
because beneficial effects on clinical outcomes remain unproved
(Ohmit et al., 1996; Snell, 2001). This scenario makes RSV—a
negative-sense, single-stranded, enveloped RNA member of the
Pneumoviridae family—an important target for the research and
development of new antivirals.

The RSV RNA genome codes for key internal structural
proteins (the matrix protein M and nucleoprotein N),
proteins required for a functional polymerase complex (the
phosphoprotein P and polymerase L), nonstructural proteins
involved in evasion of the innate immune response (NS-1
and NS-2), externally exposed transmembrane glycoproteins
(the small hydrophobic protein SH, th3 attachment protein
G, and fusion protein F), and the regulatory M2 proteins
(the M2-1 antitermination protein and M2-2, involved in
transcription/replication regulation). RSV entry into target
cells is mediated by the two glycoproteins G and F. These
glycopolypeptides are packed in a dense layer on the viral

surface, together with a third, small hydrophobic polypeptide
(SH), whose function remains unknown. Primary adsorption
of the virus to the target cell is generally promoted by the G
protein, with sialic acid residues or cell surface proteins serving
as receptors. Viral entry is then facilitated by the fusion F protein
that adopts a metastable prefusion conformation when in its
active form. After attachment of F to host-cell factors, one
or more of these factors trigger the protein conformational
rearrangement that results in fusion of the viral and cellular
membranes. Since F is essential for RSV infection, humans
elicit neutralizing antibodies that target it, with the most potent
recognizing the prefusion conformation. Accordingly, this
conformation of F is considered to be the ideal vaccine antigen,
and antibodies and small molecules that disrupt its structure and
function constitute a very active field of current research.

During the last two decades (starting by Sanna et al., 1992),
our group has designed, synthesized and tested for biological
activity a large number of 1(2)(3)H-benzo[d][1,2,3]triazole
derivatives. The phenotypic screening approach to the biological
evaluation against different pharmacological targets of 1(2)(3)H-
benzo[d][1,2,3]triazole (hereafter named benzotriazole)
derivatives (Briguglio et al., 2015) led to the discovery of
compounds endowed with in vitro selective activity against
ssRNA-compounds that exhibited specifically potent activity
against RSV.

Among these, the most potent ones carried a chlorine atom at
position 5 of the heterocyclic scaffold. Given the beneficial role
of the alogen substituent and with the aim of further potentiating
the anti-RSV activity of benzotriazole compounds, in this paper
we report the design and synthesis of 5,6-dichloro-1-phenyl-
1H-benzotriazole amides (5a-d and 7a-h) (Scheme 1) and 5,6-
dichloro-2-phenyl-2H-benzotriazole derivatives 6a-f, 8a-h and
10a-k (Schemes 2, 3) as potential RSV inhibitors.

The antiviral activity against RSV and the eventual related
toxicity of these compounds in cell-based assays are next
described, together with the results of an investigation aimed
at understanding their mode of action in cell-, plasmid-
and computer-based assays. Finally, results of the antiviral
selectivity of these dichloro-phenyl-benzotriazoles, their
cytotoxicity and antiviral activity against representative DNA,
± single-stranded RNA, and double-stranded genome (dsRNA)
viruses families obtained in cell-based assays are also reported
(see Supplementary Material).

MATERIALS AND METHODS

General Experimental
Compound melting points (m.p.s) were taken in open capillaries
in a Köfler hot stage or Digital Electrothermal melting point
apparatus and are uncorrected. 1H Nuclear Magnetic Resonance
(NMR) spectra were determined in CDCl3/DMSO, and were
recorded with a Bruker Avance III 400 NanoBay (400 Mz)
and a Varian XL-200 (200 MHz) instruments. Chemical shifts
(TMscale) are reported in parts per million (ppm) downfield from
tetramethylsilane (TMS) used as internal standard. The chemical
shift values are reported in ppm (δ) and coupling constants (J) in
Hertz (Hz). Signal multiplicities are represented by: s (singlet),
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SCHEME 1 | Synthesis of 5,6-dichloro-1-phenyl-benzotriazole amides 5a–d and 7a–h.

SCHEME 2 | Synthesis of 5,6-dichloro-2-phenyl-benzotriazole amides 6a–f and 8a–h.

d (doublet), dd (double doublet), t (triplet), q (quadruplet) and
m (multiplet). The assignment of exchangeable protons (OH
and NH) was confirmed by the addition of D2O.

13C NMR

were determined in DMSO and were recorded at 400 MHz
with Bruker Avance III 400 NanoBay. Mass spectra (MS) were
performed on combined HP 5790-HP 5970 GC/MS apparatus
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SCHEME 3 | Synthesis of 5,6-dichloro-2-phenyl-benzotriazole urea derivatives 10a–k.

or with a combined Liquid Chromatograph-Agilent 1100 series
Mass Selective Detector (MSD). Column chromatography was
performed using 70–230 mesh (Merck silica gel 60). Light
petroleum refers to the fraction with b.p. 40–60◦C. The progress
of the reactions, the retardation factor (Rf) and the purity of
the final compounds were monitored by TLC using Merck
F-254 commercial plates. Analyses indicated by the symbols
of the elements were within ± 0.4% of the theoretical values.
Acetic anhydride (2a), propionic anhydride (2b) and butyric
anhydride (2c), 4-R benzoyl chloride (3a-h), alkyl- and aryl-
isocyanates (4a-k) were commercially available (from Sigma
Aldrich, USA), 1-(4-aminophenyl)-5,6-dichlorobenzotriazole
(1a) and 2-(4-aminophenyl)-5,6-dichlorobenzotriazole (1b)
were prepared following the procedure previously described by
us (Carta et al., 2006).

General Procedure for Preparation of
N-[4-(1H(2H)-benzo[d][1,2,3]triazol-1(2)-
yl)phenyl] alkylcarboxamides (5a-d
and 6a-f)
A stirred suspension of the 1-(4-aminophenyl)-5,6-
dichlorobenzotriazole (1a) or 2-(4-aminophenyl)-5,6-
dichlorobenzotriazole (1b) (1.4 mmol) in the appropriate
anhydride (acetic, propionic and butyric anhydride) (4mL), was
heated to 100◦C for 1h. After cooling to r.t. and dilution with
an equal volume of water (4mL), the resulting precipitate was
filtered off, washed with water and dried. The afforded crude
products were purified by flash chromatography using as eluent
a mixture of petroleum ether/ethyl acetate in ratio 7:3. Besides
the desired compounds, the diacylated derivatives 5d and 6d-f

were also collected. All solid compounds were crystallized from
ethanol. Melting points, yields, analytical and spectroscopy data
are reported below.

General Procedure for Preparation of
N-[4-(1H(2H)-benzo[d][1,2,3]triazol-1(2)-yl)
phenyl]p-R-arylcarboxamides (7a-h
and 8a-h)
To a stirred solution of the 1-(4-aminophenyl)-5,6-
dichlorobenzotriazole (1a) and 2-(4-aminophenyl)-5,6-
dichlorobenzotriazole (1b) (1.4 mmol) in anhydrous

dimethylformamide (DMFa) (10mL) was added dropwise a
solution in DMFa (2mL) of appropriate R-benzoyl chloride
(1.68 mmol) (ratio 1: 1+20%). The solution was then stirred
at 80◦C for further 0.5 h (7a,d and 8d,f), 1h (7b, c, e, g and
8a), 1.5 h (8b), 2h (7f), 3 h (8e), 12 h (8c), 2 4h (7h), and 72 h
(7g). After cooling, the obtained solids were filtered, and water
was added to achieve quantitative precipitation. The resulting
precipitates were collected by filtration, washed with water,
and the crude products were purified by flash chromatography
(7c, C/M = 95/5), (7d, C/M = 98/2), (7g, 7h, PE/EA = 7/3),
(8b, C/M = 9/1), (8c, PE/DE = 3/7), (8d, PE/EA = 6/4), (8f,
PE/DE = 75/25) or via recrystallization by ethanol (7a, 7b, 7e,
7f, 8a, 8e, 8g, 8h). C: chloroform, M: methanol, PE: petroleum
ether, DE: diethyl ether, EA: ethyl acetate.

General Procedure for Preparation of
1-[4-(5,6-dichloro-2H-benzo[d][1,2,3]
triazol-2-yl)phenyl]-3-alkyl and
aryl-uree (10a-k)
To a stirred solution of the 2-(4-aminophenyl)-5,6-
dichlorobenzotriazole (1b) (1.26 mmol) in anhydrous
N,N-dimethylformamide (DMFa) (6mL), 3.78 mmol (ratio
1:3) of the required isocyanate (4a-k) were added in anhydrous
N,N-dimethylformamide. The mixture was stirred at 80◦C for
24 h (10c), 44 h (10b), 3 days (10a,k), 110◦C for 24 h (10f,g,i,l),
48 h (10h), and 72 h (10e). The reaction mixture was cooled to
room temperature and the precipitates of 4a-k were directly
collected by filtration. For all other compounds, the liquor
mothers were evaporated to dryness and the crude products were
triturated with ether to obtain the corresponding solids, which
were purified either by recrystallization with ethanol (10a,c,d,f-l)
or by flash chromatography using a mixture of petroleum ethyl
ether/diethyl acetate 6/4 (10b,e,k).

N-[4-(5,6-dichloro-1H-benzo[d][1,2,3]
triazol-1-yl)phenyl]acetamide (5a)
C14H10Cl2N4O MW 321.16 Elem. Anal. Calc. C 52.36, H 3.14,
N 17.45. Found C 52.70, H 3.09, N 17.35. Compound total yield
82%; m.p. 209–211◦C; TLC (diethylether): Rf 0.23. IR (nujol) ν:
1,700, 3,400 cm−1. UV (EtOH) λmax 245 nm. δ 10.24 (s, 1H, NH),
8.29 (s, 1H, H-4), 7.95 (s, 1H, H-7), 7.89 (d, J = 8.6Hz, 2H, H-2′,
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6′), 7.45 (d, J = 8.6Hz, 2H, H-3′, 5′) 2.38 (s, 3H, CH3).
13C-NMR

(DMSO): 172.4 (CO), 144.6 (C), 140.2 (C), 131.7 (C), 131.0 (C),
130.3 (C), 127.6 (C), 123.6 (2CH), 121.2 (CH), 120.8 (2CH), 112.8
(CH), 23.4 (CH3). GC/MS: m/z 321, 323 [M+].

N-[4-(5,6-dichloro-1H-benzo[d][1,2,3]
triazol-1-yl)phenyl]propionamide (5b)
C15H12Cl2N4O MW 335.19 Elem. Anal. Calc. C 53.75, H 3.61,
N 16.72. Found C 53.60, H 3.41, N 16.68. Compound total yield
33%; m.p. 175–177◦C; TLC (petroleum ether/ethyl acetate 7/3):
Rf 0.36. IR (nujol) ν: 1700, 3380 cm−1. UV (EtOH) λmax 217,
260 nm. 1HNMR (CDCl3 /DMSO): δ 10.24 (s, 1H, NH), 8.25 (s,
1H, H-4), 8.06 (s, 1H, H-7), 7.83 (d, J = 8.6Hz, 2H, H-2′, 6′),
7.67 (d, J = 8.6Hz, 2H, H-3′, 5′), 2.46 (q, J = 7.2Hz, 2H, CH2),
1.28 (t, J = 7.2Hz, 3H, CH3).

13C-NMR (DMSO): 172.4 (CO),
144.6 (C), 140.2 (C), 131.8 (C), 131.1 (C), 130.3 (C), 127.6 (C),
123.6 (2CH), 121.1 (CH), 120.8 (2CH), 112.8 (CH), 29.6 (CH2),
9.5 (CH3). GC/MS: m/z 334, 336 [M+].

N-[4-(5,6-dichloro-1H-benzo[d][1,2,3]
triazol-1-yl)phenyl]butanamide (5c)
C16H14Cl2N4O MW 349.21 Elem. Anal. Calc. C 55.03, H 4.04,
N 16.04. Found C 55.33H 4.28N 15.84. Compound total yield
30%; m.p. 202–204◦C; TLC (petroleum ether/ethyl acetate 7/3):
Rf 0.73. IR (nujol) ν: 1670, 3390 cm−1. UV (EtOH) λmax 217,
262 nm. 1HNMR (CDCl3 /DMSO): δ 10.30 (s, 1H, NH), 8.25 (s,
1H, H-4), 7.84 (s, 1H, H-7), 7.82 (d, J = 8.8Hz, 2H, H-2′, 6′), 7.67
(d, J = 8.8Hz, 2H, H-3′, 5′), 2.41 (q, J = 7.2Hz, 2H, CH2), 1.81
(q, J = 7.4Hz, 2H, CH2), 1.05 (t, J = 7.2Hz, 3H, CH3).

13C-NMR
(DMSO): 171.7 (CO), 144.6 (C), 140.1 (C), 137.9 (C), 131.8 (C),
131.4 (C), 130.3 (C), 127.6 (C), 123.6 (2CH), 120.9 (CH), 119.9
(2CH), 112.8 (CH), 37.9 (CH2), 18.5 (CH2), 13.6 (CH3). GC/MS:
m/z 348, 350 [M+].

N-butyryl-N-[4-(5,6-dichloro-1H-benzo
[d][1,2,3]triazol-1-yl)phenyl]
butyramide (5d)
C20H20Cl2N4O2 MW 419.09 Elem. Anal. Calc. C 57.29, H 4.81,
N 13.36. Found C 57.33, H 4.58, N 13.84. Compound total
yield 10%; m.p. 202–204◦C; TLC (petroleum ether/ethyl acetate
7/3): Rf 0.74. IR (nujol) ν: 1,670 cm−1. UV (EtOH) λmax 217,
262 nm. 1HNMR (CDCl3 /DMSO): δ 8.28 (s, 1H, H-4), 7.90
(s, 1H, H-7), 7.78 (d, J = 8.8Hz, 4H, H-2′, 3′, 5′, 6′), 2.52 (t,
J = 7.2Hz, 2H, CH2CO), 2.38 (t, J = 7.2Hz, 2H, CH2CO), 1.82
(q, J = 7.2Hz, 2H, CH2), 1.74 (q, J = 7.2Hz, 2H, CH2), 1.04
(t, J = 7.2Hz, 3H, CH3), 0.99 (t, J = 7.2Hz, 3H, CH3).

13C-
NMR (DMSO): 171.5 (CO), 144.6 (C), 140.1 (C), 137.9 (C), 131.8
(C), 131.4 (C), 130.3 (C), 127.6 (C), 123.6 (2CH), 120.9 (CH),
119.9 (2CH), 112.8 (CH), 37.9 (2CH2), 18.5 (2CH2), 13.6 (2CH3).
GC/MS: m/z 418, 420 [M+].

N-[4-(5,6-dichloro-2H-benzo[d][1,2,3]
triazol-2-yl)phenyl]acetamide (6a)
C14H10Cl2N4O MW 321.16 Elem. Anal. Calc. C 52.36, H 3.14,
N 17.45. Found C 52.02, H 3.37, N 17.70. Compound total
yield 74%; m.p. > 290◦C; TLC (diethylether): Rf 0.30. IR (nujol)

ν: 1650, 3370 cm−1. UV (EtOH) λmax 214, 332 nm. 1HNMR
(CDCl3/DMSO): δ 10.32 (s, 1H, NH), 8.47 (s, 2H, H-4, 7), 8.23
(d, J = 8.4Hz, 2H, H-2′, 6′), 7.86 (d, J = 8.4Hz, 2H, H-3′, 5′),
2.11 (s, 3H, CH3).

13C-NMR (DMSO): 168.8 (CO), 143.2 (2C),
140.9 (C), 134.0 (C), 130.4 (2C), 121.1 (2CH), 119.6 (2CH), 119.4
(2CH), 24.1 (CH3). GC/MS: m/z 320, 322 [M+].

N-[4-(5,6-dichloro-2H-benzo[d][1,2,3]
triazol-2-yl)phenyl]propanamide (6b)
C15H12Cl2N4O MW 335.19 Elem. Anal. Calc. C 53.75, H 3.61,
N 16.72. Found C 53.47, H 3.93, N 17.00. Compound total yield
35%; m.p. 258–260◦C; TLC (petroleum ether/ethyl acetate 7/3):
Rf 0.73. IR (nujol) ν: 1655, 3380 cm−1. UV (EtOH) λmax 217,
342 nm. 1HNMR (CDCl3 /DMSO): δ 10.20 (s, 1H, NH), 8.37 (s,
2H, H-4, 7), 8.22 (d, J = 9.0Hz, 2H, H-2′, 6′), 7.88 (d, J = 9.0Hz,
2H, H-3′, 5′), 2.38 (q, J = 7.4Hz, 2H, CH2), 1.13 (t, J = 7.4Hz,
3H, CH3).

13C-NMR (DMSO): 172.4 (CO), 143.2 (2C), 140.9 (C),
134.0 (C), 130.4 (2C), 121.1 (2CH), 119.6 (2CH), 119.4 (2CH),
29.6 (CH2), 9.5 (CH3). GC/MS: m/z 334, 336 [M+].

N-[4-(5,6-dichloro-2H-benzo[d][1,2,3]
triazol-2-yl)phenyl]butanamide (6c)
C16H14Cl2N4OMW 349.21 Elem. Anal. Calc. C 55.03, H 4.04N,
16.04. Found C 55.40, H 4.36, N 15.77. Compound total yield
72%; m.p. 243–245◦C; TLC (petroleum ether/ethyl acetate 7/3):
Rf 0.64. IR (nujol) ν: 1656, 3330 cm−1. UV (EtOH) λmax: 219,
330 nm. 1HNMR (CDCl3 /DMSO): δ 10.41 (s, 1H, NH), 8.46 (s,
2H, H-4, 7), 8.22 (d, J = 8.4Hz, 2H, H-2′, 6′), 7.91 (d, J = 8.4Hz,
2H, H-3′, 5′), 2.36 (t, J = 7.4Hz, 2H, CH2CO), 1.64 (q, J = 7.4Hz,
2H, CH2CH3), 0.94 (t, J = 7.4Hz, 3H, CH3).

13C-NMR (DMSO):
171.6 (CO), 144.1 (2C), 141.0 (C), 133.9 (C), 130.3 (2C), 121.0
(2CH), 119.6 (2CH), 119.4 (2CH), 38.3 (CH2), 18.5 (CH2), 13.6
(CH3). GC/MS: m/z 348, 350 [M+].

N-acetyl-N-[4-(5,6-dichloro-2H-
benzo[d][1,2,3]triazol-2-yl)phenyl]
acetamide (6d)
C16H12Cl2N4O2 MW 363.20 Elem. Anal. Calc. C 52.91, H 3.33,
N 15.43. Found C 53.20, H 3.66, N 15.77. Compound total
yield 15%; m.p. 224–226◦C; TLC (petroleum ether/ethyl acetate
7/3): Rf 0.64. IR (nujol) ν: 1,660, cm−1. UV (EtOH) λmax 220,
330 nm. 1HNMR (CDCl3 /DMSO): δ 8.61 (s, 2H, H-4, 7), 8.39 (d,
J = 8.0Hz, 2H, H-2′, 6′), 7.93 (d, J = 8.0Hz, 2H, H-3′, 5′), 2.42 (s,
3H, CH3), 2.22 (s, 3H, CH3).

13C-NMR (DMSO): 169.8 (2CO),
148.7 (2C), 145.4 (2C), 136.1 (2C), 126.4 (2CH), 124.9 (4CH),
26.8 (CH3), 23.4 (CH3). GC/MS: m/z 362, 364 [M+].

N-propionyl-N-[4-(5,6-dichloro-2H-
benzo[d][1,2,3]triazol-2-yl)phenyl]
propionamide (6e)
C18H16Cl2N4O2 MW 391.25 Elem. Anal. Calc. C 55.26, H 4.12,
N 14.32. Found C 55.47, H 4.43, N 13.90. Compound total
yield 15%; m.p. 238–240◦C; TLC (petroleum ether/ethyl acetate
7/3): Rf 0.73. IR (nujol) ν: 1655 cm−1. UV (EtOH) λmax 218,
340 nm. 1HNMR (CDCl3 /DMSO): δ 8.60 (s, 2H, H-4, 7), 8.42
(d, J = 9.0Hz, 2H, H-2′, 6′), 7.88 (d, J = 9.0Hz, 2H, H-3′, 5′),
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2.71 (q, J = 7.4Hz, 2H, CH2), 2.59 (q, J = 7.2Hz, 2H, CH2), 1.27
(t, J = 7.4Hz, 3H, CH3), 1.21 (t, J = 7.4Hz, 3H, CH3).

13C-
NMR (DMSO): 171.0 (2CO), 143.2 (2C), 140.9 (C), 134.0 (C),
130.4 (2C), 121.1 (2CH), 119.4 (4CH), 29.6 (CH2), 29.2 (CH2),
9.5 (2CH3). GC/MS: m/z 390, 392 [M+].

N-butyryl-N-[4-(5,6-dichloro-2H-benzo[d]
[1,2,3]triazol-2-yl)phenyl] butyramide (6f)
C20H20Cl2N4O2 MW 419.30 Elem. Anal. Calc. C 57.29, H 4.81,
N 13.36. Found C 57.40, H 4.46, N 13.77. Compound total yield
20%; m.p. 130–133◦C; TLC (diethyl ether/petroleum ether 7/3):
Rf 0.88. IR (nujol) ν: 1,684 cm−1. UV (EtOH) λmax 224, 330 nm.
1HNMR (CDCl3 /DMSO): δ 8.38 (d, J = 9.0Hz, 2H, H-2′, 6′),
8.08 (s, 2H, H-4, 7), 7.67 (d, J = 9.0Hz, 2H, H-3′, 5′), 2.50 (t,
J = 7.2Hz, 2H, CH2CO), 2.34 (t, J = 7.2Hz, 2H, CH2CO), 1.77
(q, J = 7.2Hz, 2H, CH2), 1.35 (q, J = 7.2Hz, 2H, CH2), 1.03 (t,
J = 7.2Hz, 3H, CH3), 0.95 (t, J = 7.2Hz, 3H, CH3).

13C-NMR
(DMSO): 171. (2CO), 143.5 (2C), 140.3 (2C), 130.9 (2C), 121.2
(2CH), 119.7 (4CH), 38.9 (CH2), 32.6 (2CH2), 17.6 (CH2), 13.4
(CH3). 13.2 (CH3). GC/MS: m/z 418, 420 [M+].

N-[4-(5,6-dichloro-1H-benzo[d][1,2,3]
triazol-1-yl)phenil]benzamide (7a)
C19H12Cl2N4O MW 383.23 Elem. Anal. Calc. C 59.55, H 3.16,
N 14.62. Found C 60.20, H 3.16, N 14.92. Compound total yield
36%; m.p. 250–252◦C; TLC (petroleum ether/ethyl acetate 7/3):
Rf 0.55. IR (nujol) ν: 1648, 3370 cm−1. UV (EtOH) λmax 216,
284 nm. 1HNMR (CDCl3 /DMSO): δ 9.98 (s, 1H, NH), 8.26 (s,
1H, H-4), 8.13 (d, J = 8.6Hz, 2H, H-2′, 6′), 7.99-8.05 (m, 2H,
Ph), 7.90 (s, 1H, H-7), 7.69 (d, J = 8.6Hz, 2H, H-3′, 5′), 7.52-7.58
(m, 3H, Ph). 13C-NMR (DMSO): 165.9 (CO), 144.6 (C), 140.0
(C), 134.6 (C), 131.9 (CH), 131.8 (C), 131.1 (C), 130.9 (C), 128.4
(2CH), 127.7 (2CH), 127.6 (C), 124.2 (2CH), 121.2 (2CH), 120.9
(CH), 112.9 (CH). GC/MS: m/z 382, 384 [M+].

N-[4-(5,6-dichloro-1H-benzo[d][1,2,3]
triazol-1-yl)phenyl]-4-methylbenzamide
(7b)
C20H14Cl2N4O MW 397.26 Elem. Anal. Calc. C 60.47, H 3.55,
N 14.10. Found C 60.07, H 3.80, N 13.90. Compound total yield
24%; m.p. 226–228◦C; TLC (petroleum ether/ethyl acetate 7/3):
Rf 0.51. IR (nujol) ν: 1,680, 3,380 cm−1. UV (EtOH) λmax 208,
282 nm. 1HNMR (CDCl3 /DMSO): δ 10.32 (s, 1H, NH), 8.29 (s,
1H, H-4), 8.16 (d, J = 8.6Hz, 2H, H-2′, 6′), 7.93(d, J = 8.2Hz,
2H, H-2′′, 6′′), 7.99 (s, 1H, H-7), 7.71 (d, J = 8.6Hz, 2H, H-3′,
5′), 7.32 (d, J = 8.2Hz, 2H, H-3′′, 5′′), 2.45 (s, 3H, CH3).

13C-
NMR (DMSO): 165.6 (CO), 144.6 (C), 141.9 (C), 140.1 (C), 131.8
(C), 131.7 (C), 131.2 (C), 130.8 (C), 128.9 (2CH), 127.8 (2CH),
127.7 (C), 123.4 (2CH), 121.2 (2CH), 120.9 (CH), 112.9 (CH),
21.0 (CH3). GC/MS: m/z 396, 398 [M+].

N-[4-(5,6-dichloro-1H-benzo[d][1,2,3]
triazol-1-yl)phenyl]-4-methoxybenzamide
(7c)
C20H14Cl2N4O2 MW 413.26 Elem. Anal. Calc. C 58.13, H 3.41,
N 13.56. Found C 58.13, H 3.40, N 13.36. Compound total yield

54%; m.p. 193–195◦C; TLC (petroleum ether/ethyl acetate 7/3):
Rf 0.67. IR (nujol) ν: 1670, 3,360 cm−1. UV (EtOH) λmax 210,
284 nm. 1HNMR (CDCl3 /DMSO): δ 10.23 (s, 1H, NH), 8.28 (s,
1H, H-4), 8.16 (d, J = 8.8Hz, 2H, H-2′, 6′), 8.02 (d, J = 8.6Hz,
2H, H-2′, 6′), 7.98 (s, 1H, H-7), 7.76 (d, J = 8.8Hz, 2H, H-3′,
5′), 7.00 (d, J = 8.6Hz, 2H, H-3′, 5′), 3.89 (s, 3H, OCH3).

13C-
NMR (DMSO): 165.6 (CO), 162.6 (C), 141.9 (C), 140.1 (C), 131.8
(C), 131.7 (C), 131.2 (C), 130.8 (C), 128.9 (2CH), 127.8 (2CH),
127.7 (C), 123.4 (2CH), 121.2 (2CH), 120.9 (CH), 112.9 (CH),
55.4 (OCH3). GC/MS: m/z 412, 414 [M+].

N-[4-(5,6-dichloro-1H-benzo[d][1,2,3]
triazol-1-yl)phenyl]-3,4,5-
trimethoxybenzamide (7d)
C22H18Cl2N4O4 MW 473.31 Elem Anal. Calc. C 55.83, H 3.83,
N 11.84. Found C 56.03, H 4.00, N 12.00. This compound was
obtained in 34% of total yield; m.p. 212–213◦C; TLC (petroleum
ether/ethyl acetate 7/3): Rf 0.84. IR (nujol) ν: 1,680, 3,390 cm−1.
UV (EtOH) λmax 197, 264, 318 nm. 1HNMR (CDCl3 /DMSO): δ
11.83 (s, 1H, NH), 8.27 (s, 1H, H-4), 7.95 (d, J = 8.8Hz, 2H, H-
2′, 6′), 7.89 (s, 1H, H-7), 7.74 (d, J = 8.8Hz, 2H, H-3′, 5′),7.14
(s, 2H, H-2′′, 6′′), 3.97 (s, 9H, 3OCH3).

13C-NMR (DMSO):
165.6 (CO), 152.6 (2C-O), 141.9 (C-O), 140.1 (C), 131.8 (2C),
131.7 (C), 131.2 (C), 130.8 (2C), 128.9 (2CH), 123.4 (2CH), 121.2
(2CH), 120.9 (CH), 112.9 (CH), 60.1 (OCH3), 56.1 (2OCH3).
GC/MS: m/z 472, 474 [M+].

N-[4-(5,6-dichloro-1H-benzo[d][1,2,3]
triazol-1-yl)phenyl]-4-nitrobenzamide (7e)
C19H11Cl2N5O3 MW 428.23 Elem. Anal. Calc. C 53.29, H 2.59,
N 16.35. Found C 53.62, H 2.79, N 16.00. Compound total yield
15%; m.p. 238–240◦C; TLC (petroleum ether/ethyl acetate 7/3):
Rf 0.60. IR (nujol) ν: 1684, 3380 cm−1. UV (EtOH) λmax 208 nm.
1HNMR (CDCl3 /DMSO): δ 10.81 (s, 1H, NH), 8.47 (s, 1H, H-4),
8.40 (d, J = 9.0Hz, 2H, H-2′, 6′), 8.21 (d, J = 9.2Hz, 2H, H-3′′,
5′′), 8.29 (s, 1H, H-7), 8.15 (d, J = 9.2Hz, 2H, H-2′′, 6′′), 7.87 (d,
J = 9.0Hz, 2H, H-3′, 5′). 13C-NMR (DMSO): 166.9 (CO), 149.3
(C), 145.6 (C), 140.1 (C), 131.8 (C), 131.7 (C), 131.2 (C), 130.8
(C), 128.9 (2CH), 127.8 (2CH), 127.7 (C), 123.4 (2CH), 121.2
(2CH), 120.9 (CH), 112.9 (CH). GC/MS: m/z 427, 429 [M+].

N-[4-(5,6-dichloro-1H-benzo[d][1,2,3]
triazol-1-yl)phenyl] 4-chlorobenzamide (7f)
C19H11Cl3N4O MW 417.68 Elem. Anal. Calc. C 54.64, H 2.65,
N 13.41. Found C 54.26, H 2.95, N 13.61. Compound total yield
48%; m.p. 234–236◦C; TLC (petroleum ether/ethyl acetate 7/3):
Rf 0.46. IR (nujol) ν: 1,650, 3,400 cm−1. UV (EtOH) λmax 208,
234, 276 nm. 1HNMR (CDCl3 /DMSO): δ 10.27 (s, 1H, NH), 8.26
(s, 1H, H-4), 8.40 (d, J = 8.8Hz, 2H, H-2′, 6′), 8.02 (d, J = 8.6Hz,
2H, H-3′′, 5′′), 8.92 (s, 1H, H-7), 7.70 (d, J = 8.6Hz, 2H, H-2′′,
6′′), 7.51 (d, J = 8.8Hz, 2H, H-3′, 5′). 13C-NMR (DMSO): 164.7
(CO), 144.7 (C), 139.9 (C), 136.6 (C), 133.3 (C), 131.8 (C), 131.1
(C), 129.8 (2CH), 128.5 (2CH), 127.7 (2C), 123.4 (2CH), 121.3
(2CH), 121.0 (CH), 112.9 (CH). GC/MS: m/z 416, 418 [M+].
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N-[4-(5,6-dichloro-1H-benzo[d][1,2,3]
triazol-1-yl)phenyl]-4-(trifluoromethyl)
benzamide (7g)
C20H11Cl2F3N4OMW 451.23 Elem. Anal. Calc. C 53.24, H 2.46,
N 12.42. Found C 53.64, H 2.68, N 12.75. Compound total yield
20%; m.p. > 290◦C; TLC (petroleum ether/ethyl acetate 7/3):
Rf 0.38. IR (nujol) ν: 1648, 3330 cm−1. UV (EtOH) λmax 238,
281 nm. 1HNMR (DMSO): δ 10.82 (s, 1H, NH), 8.64 (s, 1H, H-
4), 8.33 (s, 1H, H-7), 8.21 (d, J = 8.8Hz, 2H, H-2′, 6′), 7.96 (d,
J = 8.6Hz, 2H, H-3′′, 5′′), 7.94 (d, J = 8.6Hz, 2H, H-2′′, 6′′),
7.92 (d, J = 8.8Hz, 2H, H-3′, 5′). 13C-NMR (DMSO): 164.7 (CO),
145.7 (C), 139.9 (2C), 136.6 (2C), 133.3 (C), 131.8 (2C), 131.4
(C), 129.8 (2CH), 128.5 (2CH), 123.4 (2CH), 121.3 (2CH), 121.0
(CH), 112.9 (CH). GC/MS: m/z 450, 452 [M+].

N-[4-(5,6-dichloro-1H-benzo[d][1,2,3]
triazol-1-yl)phenyl] 4-cyanobenzamide (7h)
C20H11Cl2N5O MW 408.24 Elem. Anal. Calc. C 58.84, H 2.72,
N 17.15. Found C 58.44, H 2.38, N 17.47. Compound total yield
20%; m.p. 227–229◦C; TLC (petroleum ether/ethyl acetate 7/3):
Rf 0.58. IR (nujol) ν: 1674, 3350 cm−1. UV (EtOH) λmax 208,
240 nm. 1HNMR (CDCl3/DMSO): δ 10.70 (s, 1H, NH), 8.36 (s,
1H, H-4), 8.19 (d, J = 8.8Hz, 2H, H-2′, 6′), 8.10 (s, 1H, H-7) 8.14
(d, J = 8.6Hz, 2H, H-3′′, 5′′), 7.91 (d, J = 8.6Hz, 2H, H-2′′, 6′′),
7.79 (d, J = 8.8Hz, 2H, H-3′, 5′). 13C-NMR (DMSO): 164.5 (CO),
145.7 (C), 139.2 (2C), 138.7 (2C), 132.5 (2CH), 133.3 (C), 131.8
(C), 128.6 (2CH), 123.4 (2CH), 121.3 (2CH), 119.6 (CH), 118.3
(CN), 114.3 (C), 110.9 (CH). GC/MS: m/z 407, 409 [M+].

N-[4-(5,6-dichloro-2H-benzo[d][1,2,3]
triazol-2-yl)phenyl]benzamide (8a)
C19H12Cl2N4O MW 383.23 Elem. Anal. Calc. C 59.55, H 3.16,
N 14.62. Found C 59.65, H 3.40, N 14.32. Compound total yield
44%; m.p. > 290◦C; TLC (petroleum ether/ethyl acetate 7/3):
Rf 0.44. IR (nujol) ν: 1655, 3390 cm−1. UV (EtOH) λmax 219,
345 nm. 1HNMR (CDCl3 /DMSO): δ 10.50 (s, 1H, NH), 8.28 (d,
J = 9.0Hz, 2H, H-2′, 6′), 8.24 (s, 2H, H-4, 7), 8.09 (d, J = 9.0Hz,
2H, H-3′, 5′), 8.03-7.99 (m, 2H, arom.), 7.60-7.52 (m, 3H, arom).
13C-NMR (DMSO): 165.9 (CO), 140.3 (2C), 140.8 (C), 134.5
(2C), 131.8 (CH), 130.4 (2C), 128.4 (2CH), 127.7 (2CH), 120.9
(4CH), 119.5 (2CH). GC/MS: m/z 382, 384 [M+].

N-[4-(5,6-dichloro-2H-benzo[d][1,2,3]
triazol-2-yl)phenyl]-4-methylbenzamide
(8b)
C20H14Cl2N4O MW 397.26 Elem. Anal. Calc. C 60.47, H 3.55,
N 14.10. Found C 60.17, H 3.35, N 14.50. Compound total yield
35%; m.p. 210–213◦C; TLC (petroleum ether/ethyl acetate 7/3):
Rf 0.40. IR (nujol) ν: 1654, 3360 cm−1. UV (EtOH) λmax 208,
350 nm. 1HNMR (CDCl3 /DMSO): δ 9.65 (s, 1H, NH), 8.30
(d, J = 8.6Hz, 2H, H-2′, 6′), 8.08 (s, 2H, H-4, 7), 8.00 (d,
J = 8.6Hz, 2H, H-3′, 5′), 7.90 (d, J = 8.6Hz, 2H, H-2′′, 6′′)
7.30 (d, J = 8.6Hz, 2H, H-3′′, 5′′), 2.44 (s, 3H, CH3).

13C-NMR
(DMSO): 165.9 (CO), 140.3 (2C), 140.8 (C), 134.5 (2C), 131.6 (C),
131.8 (2CH), 130.4 (2C), 128.4 (2CH), 127.7 (2CH), 120.9 (2CH),
119.5 (2CH), 21.0 (CH3). GC/MS: m/z 396, 398 [M+].

N-[4-(5,6-dichloro-2H-benzo[d][1,2,3]
triazol-2-yl)phenyl]-4-methoxybenzamide
(8c)
C20H14Cl2N4O2 MW 413.26 Elem. Anal. Calc. C 58.13, H 3.41,
N 13.56. Found C 58.48, H 3.61, N 13.18. Compound total
yield 25%; m.p. 274–276◦C; TLC (petroleum ether/ethyl acetate
7/3): Rf 0.56. IR (nujol) ν: 1,660, 3,370 cm−1. UV (EtOH) λmax

212, 349 nm. 1HNMR (CDCl3 /DMSO): δ 10.15 (s, 1H, NH),
8.30 (d, J = 8.6Hz, 2H, H-2′, 6′), 8.28 (s, 2H, H-4, 7), 8.10(d,
J = 8.6Hz, 2H, H-2′′, 6′′), 7.87 (d, J = 8.6Hz, 2H, H-3′, 5′), 6.98
(d, J = 8.6Hz, 2H, H-3′′, 5′′), 3.90 (s, 3H, OCH3).

13C-NMR
(DMSO): 165.2 (CO), 162.1 (C-OCH3), 143.3 (2C), 141.1 (C),
134.3 (C), 130.4 (2C), 129.7 (2CH), 126.5 (C), 120.9 (4CH), 119.5
(2CH), 113.7 (2CH), 55.5 (OCH3). GC/MS: m/z 412, 414 [M+].

N-[4-(5,6-dichloro-2H-benzo[d][1,2,3]
triazol-2-yl)phenyl]-3,4,5-
trimethoxybenzamide (8d)
C22H18Cl2N4O4 MW 473.31 Elem. Anal. Calc. C 55.83, H 3.83,
N 11.84. Found C 56.00, H 4.13, N 11.44. Compound total
yield 27%; m.p. 199–201◦C; TLC (petroleum ether/ethyl acetate
7/3): Rf 0.75. IR (nujol) ν: 1,680, 3,360 cm−1. UV (EtOH) λmax

215, 353 nm. 1HNMR (CDCl3): δ 10.00 (s, 1H, NH), 8.35 (d,
J = 9.0Hz, 2H, H-2′, 6′), 8.08 (s, 2H, H-4, 7), 7.86 (d, J = 9.0Hz,
2H, H-3′, 5′), 7.11 (s, 2H, arom), 3.96 (s, 6H, 2OCH3), 3.93 (s, 3H,
OCH3).).

13C-NMR (DMSO): 165.2 (CO), 152.6 (2C-O), 141.9
(C-O), 140.1 (C), 131.8 (2C), 131.7 (C), 131.2 (C), 130.8 (2C),
128.9 (2CH), 123.4 (2CH), 121.2 (2CH), 120.9 (CH), 112.9 (CH),
60.1 (OCH3), 56.1 (2OCH3). GC/MS: m/z 472, 474 [M+].

N-[4-(5,6-dichloro-2H-benzo[d][1,2,3]
triazol-2-yl)phenyl]-4-nitrobenzamide (8e)
C19H11Cl2N5O3 MW 428.23 Elem. Anal. Calc. C 53.29, H 2.59,
N 16.35. Found C 53.00, H 2.19, N 16.65. Compound total yield
60%; m.p. > 297◦C; TLC (petroleum ether/ethyl acetate 7/3):
Rf 0.44. IR (nujol) ν: 1652, 3420cm−1. UV (EtOH) λmax 216,
250, 345 nm. 1HNMR (CDCl3 /DMSO): δ 10.80 (s, 1H, NH),
8.42 (d, J = 8.6Hz, 2H, H-2′, 6′), 8.20 (s, 2H, H-4, 7), 8.16 (d,
J = 8.6Hz, 2H, H-3′, 5′), 7.96 (d, J = 8.6Hz, 2H, H-3′′, 5′′), 7.72
(d, J = 8.6Hz, 2H, H-2′′, 6′′). 13C-NMR (DMSO): 166.9 (CO),
149.3 (C-NO2), 145.6 (2C), 140.3 (2C), 131.8 (C), 131.7 (C), 128.9
(2CH), 127.9 (2CH), 127.7 (C), 123.4 (2CH), 121.2 (2CH), 120.9
(2CH). GC/MS: m/z 427, 429 [M+].

N-[4-(5,6-dichloro-2H-benzo[d][1,2,3]
triazol-2-yl)PHENYL] 4-chlorobenzamide
(8f)
C19H11Cl3N4O MW 417.68 Elem. Anal. Calc. C 54.64, H 2.65,
N 13.41. Found C 54.34, H 2.85, N 13.80. Compound total yield
30%; m.p. 268–270◦C; TLC (petroleum ether/ethyl acetate 7/3):
Rf 0.34. IR (nujol) ν: 1654, 3270 cm−1. UV (EtOH) λmax 262,
319 nm. 1HNMR (CDCl3 /DMSO): δ 10.72 (s, 1H, NH), 8.40
(d, J = 9.0Hz, 2H, H-2′, 6′), 8.26 (s, 2H, H-4, 7), 8.20 (d,
J = 9.0Hz, 2H, H-3′, 5′), 8.04 (d, J = 8.6Hz, 2H, H-3′′, 5′′)
7.62 (d, J = 8.6Hz, 2H, H-2′′, 6′′). 13C-NMR (DMSO): 166.3 (C),
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143.3 (2C), 140.6 (2C), 133.1 (2C), 130.5 (2C), 129.7 (2CH), 128.5
(2CH), 121.0 (4CH), 119.5 (2CH). GC/MS: m/z 416, 418 [M+].

N-[4-(5,6-dichloro-2H-benzo[d][1,2,3]
triazol-2-yl)phenyl]-4-(trifluoromethyl)
benzamide (8g)
C20H11Cl2F3N4OMW 451.23 Elem. Anal. Calc. C 53.24, H 2.46,
N 12.42. Found C 53.44, H 2.76, N 12.12. Compound total yield
65%; m.p. 210–212◦C; TLC (petroleum ether/ethyl acetate 7/3):
Rf 0.28. IR (nujol) ν: 1,660, 3,390 cm−1. UV (EtOH) λmax 195,
254, 330 nm. 1HNMR (CDCl3 /DMSO): δ 9.80 (s, 1H, NH),
8.40 (d, J = 9.0Hz, 2H, H-2′, 6′), 8.34 (s, 2H, H-4, 7), 7.95 (d,
J = 8.6Hz, 2H, H-3′′, 5′′) 7.61 (d, J = 9.0Hz, 2H, H-3′, 5′), 6.70
(d, J = 8.6Hz, 2H, H-2′′, 6′′). 13C-NMR (DMSO): 164.6 (CO),
144.4 (2C), 139.9 (2C), 138.4 (C), 135.3 (C), 133.5 (2C), 131.5
(CF3), 129.7 (2CH), 120.9 (4CH), 119.5 (2CH), 113.7 (2CH).
GC/MS: m/z 450, 452 [M+].

N-[4-(5,6-dichloro-2H-benzo[d][1,2,3]
triazol-2-yl)phenyl] 4-cyanobenzamide (8h)
C20H11Cl2N5O MW 408.24 Elem. Anal. Calc. C 58.84, H 2.72,
N 17.15. Found C 59.00, H 3.02, N 17.00. Compound total yield
90%; m.p. 263–265◦C; TLC (petroleum ether/ethyl acetate 7/3):
Rf 0.55. IR (nujol) ν: 1670, 3,400 cm−1. UV (EtOH) λmax 250,
328 nm. 1HNMR (CDCl3 /DMSO): δ 10.93 (s, 1H, NH), 8.51
(s, 2H, H-4, 7), 8.30 (d, J = 8.6Hz, 2H, H-2′, 6′), 8.17 (d,
J = 8.6Hz, 2H, H-3′, 5′), 7.98 (d, J = 8.6Hz, 2H, H-3′′, 5′′), 7.83
(d, J = 8.6Hz, 2H, H-2′′, 6′′). 13C-NMR (DMSO): 164.6 (CO),
144.4 (2C), 139.3 (C), 138.6 (C), 137.9 (2C), 135.5 (C), 132.5
(2CH), 128.6 (2CH), 121.1 (2CH), 120.4 (2CH).118.2 (C), 116.3
(2CH).113.9 (CN). GC/MS: m/z 407, 409 [M+].

1-[4-(5,6-dichloro-2H-benzo[d][1,2,3]
triazol-2-yl)phenyl]-3-ethylurea (10a)
C15H13Cl2N5O MW 350.20 Elem. Anal. Calc. C 51.44, H 3.74,
N 20.00. Found C 51.86, H 3.75, N 19.61. Compound total yield
52%; m.p. > 290◦C; TLC (ether petroleum /ethyl acetate 7/3): Rf

0.17. IR (nujol) ν: 1630, 1615, 3300 cm−1. 1HNMR (DMSO): 8.91
(s, 1H, NH-ph), 8.45 (m, 2H, H-4, 7), 8.15 (d, J= 8.8Hz, 2H, H-
2′, 6′), 7.68 (d, J = 8.8Hz, 2H, H-3′, 5′), 6.30 (t, J = 5.2Hz, 1H,
NH-CH2), 3.15 (q, J = 7.2Hz, 2H, CH2CH3), 1.08 (t, J = 7.2Hz,
3H, CH2CH3).

13C-NMR (DMSO): 154.9 (CO), 143.2 (2C), 142.5
(2C), 132.4 (C), 130.1 (C), 121.1 (2CH), 119.3 (2CH), 117.9
(2CH), 33.8 (CH2), 15.7 (CH3). LC/MS: m/z 372[M + Na], 352
[M+ 1], 350 [M+ 1].

1-[4-(5,6-dichloro-2H-benzo[d][1,2,3]
triazol-2-yl)phenyl]-3-propylurea (10b)
C16H15Cl2N5O MW 364.23 Elem. Anal. Calc. C 52.76, H 4.15,
N 19.23. Found C 52.46, H 4.50, N 19.40. Compound total yield
41%; m.p. > 300◦C; TLC (ether petroleum /ethyl acetate 7/3):
Rf 0.12. IR (nujol) ν: 1639, 1601, 3310 cm−1. 1HNMR (DMSO):
8.85 (s, 1H, NH-ph), 8.59 (s, H, H-4), 8.21 (s, H, H-7), 7.70 (s,
4H, H-2′, 3′, 5′, 6′), 5.80 (t, J = 5.2Hz, 1H, NH-CH2), 2.90 (q,
J = 7.2Hz, 2H, CH2CH3), 1.49-1.22 (m, 2H, HNCH2), 0.89 (t,
J = 7.2Hz, 3H, CH2CH3).

13C-NMR (DMSO): 154.9 (CO), 143.2

(2C), 142.5 (2C), 132.4 (C), 130.1 (C), 121.1 (2CH), 119.3 (2CH),
117.9 (2CH), 40.9 (CH2NH), 22.9 (CH2), 11.3 (CH3). GC/MS:
m/z 363, 365 [M+].

1-[4-(5,6-dichloro-2H-benzo[d][1,2,3]
triazol-2-yl)phenyl]-3-butylurea (10c)
C17H17Cl2N5O MW 378.08 Elem. Anal. Calc. C 53.98, H 4.53,
N 18.51. Found C 54.06, H 4.85, N 18.40. Compound total yield
61%; m.p. > 300◦C; TLC (ether /petroleum ether 7/3): Rf 0.29.
IR (nujol) ν: 1634, 1601, 3330 cm−1. 1HNMR (DMSO): 8.82
(s, 1H, NH-ph), 8.59 (s, H, H-4), 8.21 (s, H, H-7), 7.70 (s, 4H,
H-2′, 3′, 5′, 6′), 6.26 (t, J = 5.2Hz, 1H, NH-CH2), 3.13 (q,
J = 7.4Hz, 2H CH2CH3), 1.40–1.22 (m, 2H, 2CH2), 0.91 (t,
J = 7.4Hz, 3H, CH2CH3).

13C-NMR (DMSO): 154.9 (CO), 143.2
(2C), 142.5 (2C), 132.4 (C), 130.1 (C), 121.1 (2CH), 119.3 (2CH),
117.9 (2CH), 32.2 (CH2NH), 31.8 (CH2), 19.5 (CH2), 13.7 (CH3).
LC/MS: m/z 400 [M+ Na], 380 [M+ 1], 378 [M+ 1].

1-[4-(5,6-dichloro-2H-benzo[d][1,2,3]
triazol-2-yl)phenyl]-3-cyclohexylurea (10d)
C19H19Cl2N5O MW 404.29 Elem. Anal. Calc. C 56.45, H 4.74,
N 17.32. Found C 56.86, H 4.95, N 17.00. Compound total yield
25%; m.p. > 300◦C; TLC (ether petroleum /ethyl acetate 8/2): Rf

0.72. IR (nujol) ν: 1,635, 1,584, 3,330 cm−1. 1HNMR (DMSO):
8.74 (s, 1H, NH-ph), 8.47 (s, 2H, H-4, 7), 8.16 (d, J = 8.0Hz, 2H,
H-2′, 6′), 7.65 (d, J = 8.0Hz, 2H, H-3′, 5′), 6.24 (d, J = 5.2Hz,1H,
NH-CH2). 3.51 (m, 1H, CH), 1.84–1.85 (m, 2H, CH2), 1.69-1.66
(m, 2H, CH2), 1.57-1.54 (m, H, CH), 1.34-1.21 (m, 5H, 2CH2

and CH). 13C-NMR (DMSO): 154.0 (CO), 143.2 (C), 142.4 (C),
132.4 (C), 130.1 (C), 121.2 (2CH), 119.4 (2CH), 117.9 (2CH), 47.7
(CH), 32.8 (2CH2), 25.2 (CH), 24.3 (2CH). LC/MS: m/z 426 [M
+ Na], 406 [M+ 1], 404 [M+ 1].

1-[4-(5,6-dichloro-2H-benzo[d][1,2,3]
triazol-2-yl)phenyl]-3-phenylurea (10e)
C19H13Cl2N5O MW 398.25 Elem. Anal. Calc. C 57.30, H 3.29,
N 17.59. Found C 57.62, H 3.36, N 18.00. Compound total yield
69%; m.p. > 290◦C; TLC (ether petroleum /ethyl acetate 6/4): Rf

0.66. IR (nujol) ν: 1,648, 1,593, 3,260 cm−1. 1HNMR (DMSO):
8.67 (s, 1H, NH), 8.39 (s, 2H, H-4, 7), 7.96 (d, J = 9.2Hz, 2H,
H-2′, 6′), 7.50 (d, J = 8.8Hz, 2H, H-2′′, 6′′), 7.32-7.25 (m, 2H,
H-3′′, 5′′), 7.01-6.97 (m, H, H-4′′), 6.74 (d, J = 8.8Hz, 2H, H-
3′, 5′). 5.85 (s, 1H, NH). 13C-NMR (DMSO): 152.5 (CO), 155.8
(2C), 143.0 (C), 139.7 (2C), 129.4 (C), 128.7 (4CH), 128.3 (C),
121.7 (CH), 118.9 (CH), 118.1 (4CH), 113.7 (CH). LC/MS: m/z
420 [M+ Na], 400 [M+ 1], 398 [M+ 1].

1-[4-(5,6-dichloro-2H-benzo[d][1,2,3]
triazol-2-yl)phenyl]-3-(4-methylphenyl)urea
(10f)
C20H15Cl2N5O MW 412.27; Elem. Anal.: Calc. C 58.27, H
3.67, N 16.99. Found C 57.94, H 3.58, N 17.36. Compound
total yield 57%; m.p. > 29 0◦C; TLC (ether /petroleum ether
7/3): Rf 0.40. IR (nujol) ν: 1,714, 1,652, 3,350 cm−1. UV
(EtOH) λmax 208, 356 nm. 1HNMR (DMSO): 9.91 (s, 1H, NH),
9.42 (s, 1H, NH), 8.46 (s, 2H, H-4, 7), 8.21 (d, J = 8.4Hz,
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2H, H-2′, 6′), 7.74 (d, J = 8.4Hz, 2H, H-3′, 5′), 7.37 (d,
J = 7.6Hz, 2H, H-2′′, 6′′), 7.10 (d, J = 7.6Hz, 2H, H-
3′′, 5′′), 2.25 (s, 6H, 2CH3).

13C-NMR (DMSO): 152.5 (CO),
143.2 (2C), 141.9 (C), 137.0 (C), 132,8 (C), 130.7 (C), 130.2
(2C), 129.2 (2CH), 121.2 (2CH), 119.4 (2CH), 118.2 (2CH),
118.1 (2CH), 20.3 (CH3). LC/MS: m/z 434 [M + Na], 414
[M+ 1], 412 [M+ 1].

1-[4-(5,6-dichloro-2H-benzo[d][1,2,3]
triazol-2-yl)phenyl]-3-(4-methoxyphenyl)
urea (10g)
C20H15Cl2N5O2 MW 428.27; Elem. Anal.: Calc. C 56.09, H 3.53,
N 16.35. Found C 56.00, H 3.58, N 16.36. Compound total
yield 53%; m.p. > 290◦C; TLC (ether /petroleum ether 7/3): Rf

0.34. IR (nujol) ν: 1,730, 1,639, 3,310 cm−1. UV (EtOH) λmax

207, 258, 356 nm. 1HNMR (DMSO): 9.96 (s, 1H, NH), 9.52 (s,
1H, NH), 8.98 (s, 2H, H-4, 7), 8.41 (d, J = 8.4Hz, 2H, H-
2′, 6′), 7.94 (d, J = 8.4Hz, 2H, H-3′, 5′), 7.34 (d, J = 7.6Hz,
2H, H-2′′, 6′′), 6.85 (d, J = 7.6Hz, 2H, H-3′′, 5′′), 3.71 (s, 3H,
OCH3).

13C-NMR (DMSO): 162.3 (CO), 152.0 (2C), 147.9 (2C),
136.4 (C), 134,4 (C), 130.7 (C), 130.2 (C), 129.2 (2CH), 121.6
(4CH), 119.2 (4CH), 55.1 (CH3). LC/MS: m/z 450 [M+Na], 430
[M+ 1], 428 [M+ 1].

1-[4-(5,6-dichloro-2H- benzo[d][1,2,3]
triazol-2-yl)phenyl]-3-(4-chlorophenyl)
urea (10h)
C19H12Cl3N5O MW 432.69; Elem. Anal.: Calc. C 52.74, H 2.80,
N 16.19. Found C 53.00, H 2.58, N 16.36. Compound total yield
51%; m.p. > 290◦C; TLC (ether/petroleum ether 7/3): Rf 0.29.
IR (nujol) ν: 1,713, 1,651, 3,350 cm−1. UV (EtOH) λmax 212,
255, 348 nm. 1HNMR (DMSO): 10.02 (s, 1H, NH), 9.81 (s, 1H,
NH), 8.46 (s, 2H, H-4, 7), 8.21 (d, J = 8.0Hz, 2H, H-2′, 6′),
7.74 (d, J = 8.0Hz, 2H, H-3′, 5′), 7.52 (d, J = 8.0Hz, 2H, H-
2′′, 6′′), 7.34 (d, J = 8.0Hz, 2H H-3′′, 5′′), 3.71 (s, 3H, OCH3).
13C-NMR (DMSO): 152.4 (CO), 143.2 (2C), 141.6 (C), 138.6 (C),
133,0 (C), 130.2 (2C), 128.6 (2CH), 125.4 (C), 121.2 (2CH), 119.5
(2CH), 119.4 (2CH), 118.3 (2CH). LC/MS: m/z 454 [M + Na],
434 [M+ 1], 432 [M+ 1].

1-[4-(5,6-dichloro-2H-benzo[d][1,2,3]
triazol-2-yl)phenyl]-3-(4-fluorophenyl)urea
(10i)
C19H12Cl2FN5OMW 416.24; Elem. Anal.: Calc. C 54.83, H 2.21,
N 16.83. Found C 55.00, H 2.00, N 17.00. Compound total yield
62%; m.p. > 290◦C; TLC (ether/petroleum ether 7/3): Rf 0.37.
IR (nujol) ν: 1,727, 1,642, 3,350 cm−1. UV (EtOH) λmax 209,
251, 347 nm. 1HNMR (DMSO): 9.62 (s, 1H, NH), 9.51 (s, 1H,
NH), 8.45 (s, 2H, H-4, 7), 8.16 (d, J = 8.4Hz, 2H, H-2′, 6′),
7.71 (d, J = 8.4Hz, 2H, H-3′, 5′), 7.33-7.16 (m, 4H, H-2′′, 3′′,
5′′, 6′′). 13C-NMR (DMSO): 155.1 (CO), 143.2 (2C), 142.5 (2C),
140.1 (C), 132,4 (C), 130.1 (2C), 128.3 (2CH), 127.2 (2CH), 121.1
(2CH), 119.3 (2CH), 117.9 (2CH). LC/MS: m/z 434 [M + Na],
418 [M+ 1], 416 [M+ 1].

1-[4-(5,6-dichloro-2H-benzo[d][1,2,3]
triazol-2-yl)phenyl]-3-benzylurea (10j)
C20H15Cl2N5O MW 412.27; Elem. Anal.: Calc. C 54.27, H 3.67,
N 16.99. Found C 55.00, H 2.00, N 17.00. Compound total yield
49%; m.p. > 290◦C; TLC (ether/petroleum ether 7/3): Rf 0.53.
IR (nujol) ν: 1,627, 1,561, 3,400 cm−1. UV (EtOH) λmax 210,
348 nm. 1HNMR (DMSO): 9.57 (s, 1H, NH), 8.46 (s, 2H, H-4,
7), 8.16 (d, J = 8.8Hz, 2H, H-2′, 6′), 7.71 (d, J = 8.8Hz, 2H, H-3′,
5′), 7.38-7.20 (m, 4H, H-2′′, 3′′, 4′′, 5′′, 6′′), 7.12 (t, J = 5.2Hz, 1H,
NHCH2), 4.33 (d, J = 5.2Hz, 2H, CH2NH). 13C-NMR (DMSO):
152.6 (CO), 143.2 (2C), 141.8 (C), 135.9 (C), 132,9 (C), 130.2
(2C), 121.2 (2CH), 119.6 (CH), 119.5 (2CH), 118.3 (2CH), 115.4
(2CH), 115.2 (2CH). LC/MS: m/z 434 [M + Na], 414 [M + 1],
412 [M+ 1].

1-[4-(5,6- dichloro-2H-benzo[d][1,2,3]
triazol-2-yl)phenyl]-3-naphtylurea (10k)
C23H15Cl2N5O MW 448.30; Elem Anal.: Calc. C 61.62, H 3.37,
N 15.62. Found C 62.00, H 2.98, N 16.90. Compound total yield
47%; m.p. > 290◦C; TLC (petroleum ether/ethyl acetate 7/3): Rf

0.71. IR (nujol) ν: 1,635, 1,561, 3,260 cm−1. 1HNMR (DMSO):
9.20 s, (2H, NH), 8.25 (d, J = 8.0Hz, 2H, H-2′, 6′), 8.10 (d,
J = 8.0Hz, 2H, H-3′, 5′), 8.03-7.90 (m, 2H, Ph), 7.78 (s, 2H,
H-4, 7), 7.75-7.40 (m, 5H, Ph). 13C-NMR (DMSO): 154.7 (CO),
153.3 (2C), 152.8 (C), 143.2 (C), 141,6 (C), 134.3 (2C), 133.7
(2C), 128.4 (2CH), 126.1 (CH), 125.9 (2CH), 125.6 (2CH), 122.9
(2CH) 121.4 (2CH). 117.5 (2CH). LC/MS: m/z 470 [M+Na], 450
[M+ 1], 448 [M+ 1].

BIOLOGICAL ASSAY DESCRIPTIONS

Cells and Viruses
Cell lines were purchased from American Type Culture
Collection (ATCC). The absence of mycoplasma contamination
was checked periodically by the Hoechst staining method.
Cell lines supporting the multiplication of RNA and DNA
viruses were the following: CD4+ human T-cells containing an
integratedHTLV-1 genome (MT-4);MadinDarby Bovine Kidney
(MDBK) [ATCC CCL 22 (NBL-1) Bos Taurus]; Baby Hamster
Kidney (BHK-21) [ATCC CCL 10 (C-13)Mesocricetus Auratus];
monkey kidney (Vero-76) [ATCC CRL 1587 Cercopithecus
Aethiops] and human epithelial cell lines (human laryngeal
carcinoma) HEp-2 (HEp-2) [ATCC CCL-23)].

Viruses were purchased from American Type Culture
Collection (ATCC), with the exception of Human
Immunodeficiency Virus type-1 (HIV-1) and Yellow Fever
Virus (YFV). Viruses representative of positive-sense, single-
stranded RNAs (ssRNA+) were: (i) Retroviridae: the IIIB
laboratory strain of HIV-1, obtained from the supernatant of the
persistently infected H9/IIIB cells (NIH 1983); (ii) Flaviviridae:
Yellow Fever Virus (YFV) [strain 17-D vaccine (Stamaril Pasteur
J07B01)] and Bovine Viral Diarrhea Virus (BVDV) [strain NADL
(ATCC VR-534)]; (iii) Picornaviridae: Human Enterovirus B
[coxsackie type B5 (CV-B5), strain Faulkner (ATCC VR-185)]
and Human Enterovirus C [poliovirus type-1 (Sb-1), Sabin strain
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Chat (ATCC VR-1562)]. Viruses representative of negative-
sense, single-stranded RNAs (ssRNA-) were: (iv) Pneumoviridae:
Human Respiratory Syncytial Virus (RSV) strain A2 (ATCC
VR-1540); RSV strain B1 cp-52 clone 2B5 (ATCC-VR-2542);
(v) Rhabdoviridae: Vesicular Stomatitis Virus (VSV) [lab
strain Indiana (ATCC VR 1540)]. The virus representative of
double-stranded RNAs (dsRNA) was: (vi) Reoviridae Reovirus
type-1 (Reo-1) [simian virus 12, strain 3651 (ATCC VR-214)].
DNA virus representatives were: (vii) Poxviridae: Vaccinia
Virus (VV) [vaccine strain Elstree-Lister (ATCC VR-1549)];
(viii) Herpesviridae: Human Herpes 1 (HSV-1) [strain KOS
(ATCC VR-1493)].

Viruses were maintained in our laboratory and propagated in
appropriate cell lines. All viruses were stored in small aliquots at
−80◦C until use.

Cytotoxicity Assays
Exponentially growing MT-4 cells were seeded at an initial
density of 4x105 cells/mL in 96-well plates containing RPMI-
1640 medium, supplemented with 10% fetal bovine serum (FBS),
100 units/mL penicillin G and 100µg/mL streptomycin. MDBK,
Hep-2 and BHK cells were seeded at an initial density of 6
× 105, 5 × 105, and 1 × 106 cells/mL, respectively, in 96-
well plates containing Minimum Essential Medium with Earle’s
salts (MEM-E), L-glutamine, 1mM sodium pyruvate and 25
mg/L kanamycin, supplemented with 10% horse serum (MDBK)
or 10% fetal bovine serum (FBS) (BHK; Hep-2). Vero-76 cells
were seeded at an initial density of 5 × 105 cells/mL in 96-
well plates containing in Dulbecco’s Modified Eagle Medium (D-
MEM) with L-glutamine and 25 mg/L kanamycin, supplemented
with 10% FBS. Cell cultures were then incubated at 37◦C in a
humidified, 5% CO2 atmosphere, in the absence or presence of
serial dilutions of test compounds. The test medium used for
cytotoxic and antiviral assay contained 1% of the appropriate
serum. Cell viability was determined after 72, 96, or 120 h at 37◦C
by theMTTmethod for MT-4, MDBK, Hep-2, BHK and Vero-76
cells (Budge et al., 2004).

Antiviral Assays
Compounds’ activity against HIV-1 was based on inhibition
of virus-induced cytopathogenicity in exponentially growing
MT-4 cells acutely infected with a multiplicity of infection
(m.o.i.) of 0.01. Antiviral activity against YFV and Reo-1 was
based on inhibition of virus-induced cytopathogenicity in BHK-
21 cells acutely infected with a m.o.i. of 0.01. Compounds’
activity against BVDV was based on inhibition of virus-induced
cytopathogenicity in MDBK cells acutely infected with a m.o.i.
of 0.01. After a 3 or 4-day incubation at 37◦C, cell viability was
determined by the MTT method as described by Pauwels et al.
(1988). Compounds’ activity against CV-B5, Sb-1, VSV, VV, RSV
A2 and HSV-1 was determined by plaque reduction assays in
infected cell monolayers, as described by Sanna et al. (2015).

Virucidal Activity Assay
10d (20µM) was incubated with 1x105 PFU/mL of RSV at either
4 and 37◦C for 1 h. The mixture without test sample was used as
the control. At the end of incubation period, samples were serially

diluted in media and titers were determined on Vero-76 cells at
high dilutions, at which the compound was not active. Virus titers
were determined by plaque assay in Vero-76 cells.

Assessment of Antiviral Activity by Antigen
Reduction Assay
10d, 6-azauridine and dextran sulfate were diluted by serial
dilutions inMEM-E to give a range of compounds concentrations
from 100 to 0.8µM. 50µL of RSV (approximately 200 PFU/well)
and 50 µL of compounds dilutions was added in triplicate to
Vero-76 cells in 96 well plates that had been seeded the previous
day at 2.5 × 104 cells per well. At 3 days post infection, samples
were collected and the extent of viral replication was determined
by enzyme-linked immunosorbent assay (ELISA) according to
the manufacturer description (Bioo Scientific RSV Kit).

Cell Pretreatment Assay
Vero-76 cell monolayers were incubated in 24-well plates with
20µM concentration of 10d or 6-azauridine (10µM) for 2 h at
4◦C. After removal of the compound and two gentle washes,
cells were infected with RSV. After virus adsorption to cells, the
inoculum was removed and the cells were then overlaid with
medium, incubated for 3 days at 37◦C, and then virus titers were
determined by plaque assay.

Time of Addition Assay
The confluent monolayers of Vero-76 cells in 96-well tissue
culture plates were infected for 2 h at room temperature with
100 µL of proper RSV dilutions to give a final m.o.i. of
1. After adsorption, the monolayers were washed two times
with MEM-E medium with L-glutamine, supplemented with
1% inactivated FBS, 1mM sodium pyruvate and 0.025 g/L
kanamycin (Maintenance Medium) and incubated with the same
medium at 5% CO2 and 37◦C (time zero). Vero-76 cells were
treated with compound 10d (20µM, approximately 10 times
higher than the IC50) or reference for 2 h during infection period
and at specific time point, 2, 4, 6, and 10 h post infection. After
each incubation period, the monolayers were washed two times
with maintenance medium and incubated with fresh medium
until 10 h post-infection. Then, after 36 h the development of
cytopathic effect (CPE) was evaluated microscopically and each
sample was collected, centrifuged and frozen at−80◦C. The viral
titer was determined by plaque assay (or ELISA).

Immunofluorescence Attachment Assay
Compounds’ inhibitory effects on virus-cell binding event was
measured by immunofluorescence performed according to the
method described previously with some modifications (Maric
et al., 2011). Briefly, Vero-76 cells in 24-well plates were pre-
chilled for 1 h at 4◦C. The medium was removed and then
serial dilutions of RSV in ice-cold MEM-E were added and
allowed to bind for approximately 30min at 4◦C. After this
incubation period, the monolayers were washed three times in
cold PBS in order to remove unbound viral particles and then
were fixed in paraformaldehyde 4%. The presence of bound
virus was detected by indirect immunofluorescence. After a
brief incubation in blocking buffer [PBS with 5% normal goat
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serum (NGS)], cells were incubated with a 1:200 dilution of
primary antibody RSV monoclonal antibody (Ab35958; Abcam,
Cambridge, United Kingdom). Cells were then washed three
times in PBS-Tween-100 and incubated with a 1:500 dilution
of an Alexa Fluor 488-labeled anti-mouse secondary antibody
(Molecular Probes, Eugene, Oreg.). After a series of washes in
PBS-Tween-100, cells were mounted with Vectashield (Vector
Laboratories, Burlingame, CA) containing 4′,6-diamidino-2-
phenylindole (DAPI) and images of each well were captured with
the ZOE Fluorescent Cell Imager (Biorad).

Inhibition of Attachment Assessed
by Immunofluorescence
RSV viral dilution (4 × 106 PFU/mL) was premixed with 20µM
of 10d, 6µg/mL of dextran sulfate, and 5µM of 6-azauridine in
ice-cold MEM, added to Vero-76 cell monolayers at 4◦C, bound,
and detected as reported above.

Syncytium Reduction Assay
The capability of 10d to block cell-to-cell RSV spread was
evaluated using the above described method. Monolayers
cultures of Vero-76 cells in six-well dishes were infected with
RSV (m.o.i.= 0.3) at room temperature. After 2 h of adsorption
period, the monolayer was washed with PBS and overlaid with
fresh medium. 10d was added at concentration of 50, 10, and
2µMat 8 h post infection. 72 h post infection cells were examined
microscopically for syncytium formation.

RSV Strain B1 cp-52 Antiviral Assay
The effect of 10d on RSV cp-52 plaque number was assessed
by a plaque reduction assay. Accordingly, a monolayer of Vero-
76 cells was grown on 24-well plate. Approximate 200 plaque-
forming units (PFU) of RSV cp-52 was added to the cells,
immediately followed by the addition of various concentrations
of the samples. The medium was also added to non-treatment
wells as non-infection controls. The plates were incubated in
5% CO2 at 37◦C for 2 h. After virus adsorption the inoculum
was removed and infected cells were overlaid with 1.2%
methylcellulose medium containing various concentrations of
test samples and incubated for 3 days at 37◦C. Syncytia developed
after 3 days and were fixed with 4% paraformaldehyde solution,
permeabilized and immunostained. The number of plaques in the
control (no inhibitor) and experimental wells were counted.

End-point Cell-to-Cell Fusion Assay
The 293T cell line was purchased from the American Type
Culture Collection (Manassas, VA) and maintained in DMEM
supplemented with 7.5 (v/v) FBS at 37◦C and 5% CO2.
Cell transfection was carried out using Lipofectamine 200
(Invitrogen). A dual split-protein cell content mixing assay
was adopted to quantify the extent of cell-to-cell fusion
mediated by the RSV F-glycoprotein. To the purpose, 293T
cells were transfected with plasmid DNA encoding the eGFP-
renilla luciferase dual-split fusion proteins DSP1−7 or DSP8−11,
respectively (Kondo et al., 2011). Then, one cell population
received the plasmid DNA encoding RSV L19F while another cell
population was transfected with plasmid DNA coding for Mev F

and H proteins for control (Brindley et al., 2012). According to
the protocol of Yan et al. (2014) cell populations were mixed at an
equal ration 4 h after transfection, and incubated with specified
amount of 10d for 26 hrs. The activity of the reconstituted
luciferase was measured after cell loading with 10µM ViviRen
(Promega) for 30 min.

In silico Molecular Modeling
All simulations were performed with the AMBER 16 suite of
programs (Case et al., 2017). The 3D model structure of the
prefusion RSV F glycoprotein was taken from the Protein Data
Bank (file 5EA5.pdb (Battles et al., 2016). Compound 10d was
then docked into the protein-binding site using Autodock 4.2
(Morris et al., 2016). The resulting complex was further energy
minimized to convergence. The intermolecular complex was then
solvated and energyminimized using a combination of molecular
dynamics (MD) techniques (Pierotti et al., 2011; Gibbons et al.,
2014; Genini et al., 2017). 20 ns molecular dynamics (MD)
simulations at 37◦Cwere then employed for system equilibration,
and further, 50-ns MD were run for data production.

The binding free energy, 1Gbind, between 10d and the RSV
F-protein was then estimated by resorting to the MM/PBSA
approach (Massova and Kollman, 2000) implemented in Amber
16. According to this validated methodology, the free energy
was calculated for each molecular species (complex, protein, and
ligand), and the corresponding 1Gbind was computed as:

1Gbind = Gcomplex − (Gprotein + Gligand) = 1EMM + 1GSOL

− T1Sbind = 1Hbind − T1Sbind

in which the enthalpic contribution (1Hbind =1EMM +1GSOL)
accounts for the molecular mechanics energy (contributed by
van der Waals and electrostatic interactions) and the solvation
free energy while T1S is the conformational entropy upon
protein/ligand binding. The corresponding IC50 value for each
compound was obtained from the fundamental relationship:
1Gbind = -RT log 1/IC50. The same computational protocol was
applied for the simulation of TMC353121, an established potent
RSV F-protein inhibitor, in complex with the RSV F-protein for
comparison purposes.

RESULT AND DISCUSSION

Chemistry
The synthetic routes to obtain 5,6-dichloro-1-phenyl-
benzotriazole amides (5a-d and 7a-h), 5,6-dichloro-2-phenyl-
benzotriazole amides (6a-h and 8a-h), and 5,6-dichloro-2-
phenyl-benzotriazole urea derivatives (10a-k) are described
in Schemes 1–3, respectively. Aliphatic amides 5a-d and 6a-f

were obtained in good yield by condensation of the known
anilines 1a,b with the appropriate anhydride (acetic, propionic,
and butyric anhydride) (2a-c) at 100◦C for 1 h. Derivatives 5c
and 6a-c were obtained together to their respective diacylated
compounds 5d, 6d-f, generally in 3:1 ratio. Aromatic amides
7a-h and 8a-h were in turn obtained, generally in good yield,
by reaction of the anilines 1a,b with the appropriate benzoyl
chloride derivative (3a-h) at 80◦C for 0.5–72 h. To obtain the
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TABLE 1 | Anti-RSV activity of 5,6-dichloro-1-phenyl-benzotriazole amides (5a–d

and 7a–h), 5,6-dichloro-2-phenyl-benzotriazole amides (6a–h and 8a–h), and

5,6-dichloro-2-phenyl-benzotriazole ureas (10a–k).

Comp. Vero-76 cells RSV Comp. Vero-76 cells RSV

a CC50
bEC50

aCC50
bEC50

1a >100 20 8a >100 >100

5a 30 3 8b >100 27

5b 30 4 8c >100 >100

5c 10 4 8d 80 3

5d 20 >30 8e >100 33

7a >100 60 8f 80 20

7b >100 >100 8g >100 50

7c >100 35 8h >100 60

7d 90 5 10a >100 >100

7e >100 13 10b 30 3

7f >100 8 10c >100 >100

7g 9 5 10d 90 2

7h >100 11 10e >100 >100

1b >100 6 10f >100 >100

6a >100 >100 10g >100 >100

6b >100 >100 10h >100 >100

6c >100 >100 10i >100 >100

6d >100 40 10j >100 >100

6e >100 6 10k >100 >100

6f >100 6 ribavirin >100 7

6-azauridine ≥14 1.4

Ribavirin and 6-azauridine were used as reference inhibitors. Data represent mean values

from three independent determinations; variation among duplicate samples was <15%.
aCompound concentration (µM) required to reduce the viability of mock-infected VERO-

76 cells by 50%. as determined by the MTT method after 5 days.
bCompound concentration (µM) required to reduce the plaque number of RSV by 50%

in VERO-76 monolayers. The most interesting results are in bold.

urea derivatives (10a-k) (35–70% yield,) the required isocyanate
(4a-k) was condensed with aniline 1b at 80–110◦C for 24–92 h.

After workup, all crude products were purified by
recrystallization with ethanol or by flash chromatography. The
key intermediates 1-(4-aminophenyl)-5,6-dichlorobenzotriazole
(1a) and 2-(4-aminophenyl)-5,6-dichlorobenzotriazole
(1b) were prepared following the procedure described
by Carta et al. (2007).

In vitro Antiviral Activity of the
New Dichloro-phenyl-benzotriazoles
All 39 newly synthesized 5,6-dichloro-1(2)-phenyl-benzotriazole
derivatives were evaluated for their anti-RSV activity in cell-
based assays. Several compounds exhibited significant inhibitory
activity (i.e., <10µM, Table 1), with EC50 values lower than or
comparable to that of ribavirin (7µM). Concomitantly, moderate
to low cytotoxicity was detected for almost all compounds, with
CC50 values mostly in the high micromolar range (> 100µM)
in Vero-76 cells.

Regarding the spectrum of antiviral activity, the most
relevant result concerned the potent and selective activity of ten
1-phenyl-benzotriazole derivatives (1a, 5a,b,c and 7c-h), seven

2-phenyl-benzotriazole derivatives (1b, 6d,e,f, 8b,d,e,f), and two
2-phenyl-benzotriazole urea derivatives (10b,d), with an EC50

against RSV in a range of 2–40 µM.
From a structure-activity relationship perspective,

considering the 1-phenyl-benzotriazole amides the replacement
of a hydrogen atom on the amino group with any aliphatic
moiety (i.e., methyl, ethyl or propyl) in the amidic component
(1a and 5a-c, respectively) did reflect in a good increase in
potency, even if higher potencies were coupled with higher
cytotoxicity (EC50 values 20 vs. 3/4µM, CC50 values >100
vs. 10/30µM, Table 1). On the contrary, the presence of two
acyl substituents on the amino group (5d) was detrimental
to antiviral activity. In essence, these results demonstrate the
need for a hydrogen atom on the amide nitrogen for RSV
replication inhibition. Conversely, in the case of aromatic
amides the unsubstituted phenyl derivative (7a) showed only
a moderate activity (EC50 = 60µM) whereas the introduction
of three methoxy groups on the phenyl moiety (7d) or an
electron-withdrawing group in the 4’ position (7e-h) potentiated
anti-RSV activity (EC50 = 5–35µM, Table 1). On the other
hand, an electron-donor methyl group in the same position
(7b) led to a pitfall of the corresponding EC50 value. Finally,
for the series of 5,6-dichloro-1-phenyl-benzotriazole amides a
small alkyl group on the nitrogen gave the best antiviral activity,
while its substitution with a phenyl ring was only useful if an
electron-withdrawing or three methoxy groups were presents.

Also, the 2-phenyl-benzotriazole amides showed a diffuse
antiviral activity against RSV. Amine (1b), aliphatic amides
(6d,e,f) and aromatic amides (8b,d,e,f) showed activity in the
3–40µM range. Contrarily to the case of 1-phenyl derivatives,
for the 2-phenyl ones the best activity of the diacyl derivatives
(6d,e,f) compared to that of the corresponding monoacyl
compounds (6a,b,c) was probably due to a different arrangement
in the space of the amide chains. Furthermore, also in this series
the simple unsubstituted phenyl amide or 4’ substitution with
an electron-donor group (8a and 8b,c, respectively) generally
did not exhibit high activity (EC50 = 27 - >100µM), while
the derivative bearing three methoxy groups or a nitro group
or a chlorine atom in 4’ on the phenyl moiety (8d and
8e,f, respectively) mostly showed good activity (EC50 = 3–
33µM, Table 1). Finally, about the 2-phenyl-benzotriazole urea
derivatives (10a-k) only two aliphatic derivatives showed a
remarkable activity against RSV (10b,d),with EC50 values of 3
and 2µM, respectively.

With the aim of evaluating the selectivity of the title
compounds against RSV, they were also tested for cytotoxicity
and antiviral activity against a panel of alternative, representative
positive- and negative-sense single stranded RNA, double-
stranded RNA and DNA viruses (see Tables S1, S2 in
Supplementary Material). Among all 39 compounds, 5a,c and
8c were moderately active only against Coxsackie Virus B5
(CV-B5, EC50 = 17, 9 and 14µM, respectively), while 8e,h

showed some activity in cells infected with the Bovine Viral
Diarrhea Virus (BVDV, EC50 = 4 and 11µM, respectively).
Concomitantly, the overall low cytotoxic profile of all inhibitors
was confirmed in the cell lines sustaining the alternative virus
replication (Tables S1, S2).
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Based on the results of all experiments described above, 10d
resulted the most interesting compound, being endowed
with potent and selective antiviral activity against RSV
(EC50 = 2µM, Table 1) and CC50 values lower than 70µM in
most continuous cell lines from different organs and species
(Table 1, Table S2). Therefore, 10d was selected for additional
studies, as reported below.

BIOLOGICAL AND IN SILICO EVALUATION

Viral Antigen Reduction by Compound 10d
The antiviral activity of 10d was further tested in an enzyme-
linked immunosorbent assay (ELISA) aimed at demonstrating
the reduction of viral antigen in presence of the active compound
at non-cytotoxic concentrations during a single round of viral
infection. Results showed a reduction of viral antigen of 80% at
20µM and an EC50 of 5µM, in agreement with previous plaque
reduction assay data.

Virucidal Activity of 10d
To analyze the possibility that compound 10d acts directly on
the virus particle leading to infectivity inactivation, a virucidal
assay against RSV virions was conducted. The virucidal effect
of 10d was negligible at the tested concentration of 20µM at
either 4◦Cor 37◦C and no significant differences between the titer
of RSV treated at the two different temperatures was observed,
as shown in Figure 1A. The compound tested concentration
(20µM) was 10 times higher than its antiviral EC50, indicating
that the inhibitory effect detected by the plaque reduction assay
(2µM, Table 1) could be due to interference with a step along the
RSV replication cycle.

Effect of 10d on RSV Penetration into
Pre-treated Host Cells
To establish whether 10d was able to protect cells from
RSV infection, a pre-attachment assay was then performed by
incubating Vero-76 cell monolayers with the same concentration
of 10d employed in the virucidal activity assay (20µM). 6-
Azauridine (10µM), a broad spectrum DNA/RNA inhibitor
that interferes in pyrimidine biosynthesis pathway, was used
as negative reference compound. Eventual unbound drug was
washed away, cells were infected with RSV, and percent of
infection was determined after 3 days. The results in Figure 1B

shows that, under these experimental conditions, 10d failed to
inhibit RSV infection at the time point analyzed. These findings
demonstrate that pretreatment with 10d does not protect cells
from RSV infection.

Effect of 10d on Viral Infection: Time of
Addition and Immunofluorescence Assays
To determine which step of the RSV replication cycle was
targeted by 10d, time of addition (ToA) experiments were
performed in RSV-infected Vero-76 cells exposed to the
compound at different times of infection. As seen in the top
panel of Figure 2, the most efficient inhibition was observed
in early phases of infection [i.e., during the 2 h of infection
(t = 0) and immediately after], while 10d failed to exhibit

significant antiviral activity when added at later times (4–10 h
after infection). These results (supported by additional ToA tests
performed with two further, active compounds, 8d and 10b,
EC50 = 3µM, Table 1, see Figure S1 in Supplementary Material)
confirm that 10d is active in the earliest stages of viral replication,
that is the virus attachment to target cells or the virus-cell
fusion event.

In the attempt to discriminate between the two possible
mechanisms of action of 10d (i.e., virus attachment or cell-
fusion inhibition), the kinetics of virus adsorption in the presence
10d was investigated in an immunofluorescence assay. Low-
temperature treatment allows binding of RSV to the cell surface
receptors but prevents the internalization of virus particles
into the cells. Accordingly, the ability of 10d to interfere
with virus binding was examined by incubating RSV and
Vero-76 cells at 4◦C in the presence of the compound. As
reported in the bottom panel of Figure 2, 10d and 6-azauridine
(negative control) were not able to block viral binding under
these conditions. On the contrary, dextran sulfate, an RSV
entry inhibitor used as a positive control, efficiently blocked
viral attachment.

In aggregate, these results led us to speculate that either the
virus-cell fusion or the uncoating processes might be affected by
the antiviral action of 10d.

Effect of 10d on the Formation of
Multinucleate Syncytia
Syncytium formation is a mechanism of cell-to-cell infection
that determines virus spread. Common features of severe lower
respiratory infections with RSV are cell fusion, multinucleate
syncytia formation, and cell sloughing. In order to ascertain
whether 10d was able to prevent virus spread after infection,
a syncytium reduction assay was performed by treating Vero-
76 monolayers with different concentrations of 10d at 8 h post
infection (p.i). Syncytia formation was assessed 72 h p.i. The left
panel in Figure 3 shows that big syncytia were evident in Vero-
76 untreated monolayers after 72 h p.i. (a), while the number and
the size of syncytia decreased in a dose-dependent manner in 10d
treated cells (b, c, and d).

The initial phases of RSV infections are controlled by the
two major glycoproteins on the surface of the RSV virion that
is, the attachment glycoprotein (G) and the fusion glycoprotein
(F). G targets the ciliated cells of the airways, and F causes the
virion membrane to fuse with the target cell membrane. The
small hydrophobic (SH) protein is also encoded by the human
respiratory syncytial virus. Its absence leads to viral attenuation
in the context of whole organisms, and it prevents apoptosis
in infected cells (Heminway et al., 1994; Kahn et al., 1999;
Techaarpornkul et al., 2001). Among this protein pool, however,
the F protein alone is sufficient to mediate viral penetration
into host cells and subsequent syncytium formation during RSV
infection (Feldman et al., 2000). As it can be seen in Figure 3

(right panel), 10d was effective in reducing both syncytia area
and number at a concentration of 50µM. This evidence suggests
that 10d could interfere with the RSV F protein-mediated
syncytium formation.
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FIGURE 1 | (A) Virucidal effect (expressed as plaque-forming units (PFU)/mL) of 10d (20µM) against RSV virions at either 4 or 37◦C) for 1 h. (B) Viral titer measured 3

days post infection in Vero-76 cells pretreated with 10 d. The same experiment performed with 6-azauridine (6AZA 10µM) is shown for comparison. Results are

presented as mean ± standard deviation of 3 separate experiments.

FIGURE 2 | (Top) Inhibition of RSV (m.o.i = 1) by addition of 10d (20µM) at different times (filled circles). Data for untreated virus (open circles) and for addition of

6-azauridine (filled squares) are also shown for comparison. Data represent mean values from two independent determinations; variation among duplicate samples

was <15%. (Bottom) Immunofluorescence attachment assay: (a,b) RSV A2 non-treated control; (c,d) 6-azauridine does inhibit viral attachment; (e,f) dextran sulfate

inhibits viral attachment; (g,h) 10d does not inhibit viral attachment. Bound virus is detected by indirect immunofluorescence with an anti-G monoclonal antibody,

followed by an Alexa Fluor 488-labeled secondary antibody (a,e,c,g, green). Nuclei are visualized using 4′,6-diamidino-2-phenylindole (b,f,d,h, blue).

Assessment of Antiviral Activity of 10d
Against RSV Strain B1 cp-52
To confirm the results obtained from the syncytium reduction
assay reported above, 10d was further tested for activity in
cells infected by RSV strain B1 cp-52. cp-52 is an RSV
mutant variant containing a large deletion that ablates the
synthesis of the SH and G glycoproteins. Nonetheless, cp-
52 is infectious and replicates to high titer in tissue cultures
(Karron et al., 1997). In the plaque-reduction assay, 10d inhibited

RSV cp-52 activity with 50% inhibitory concentration of 7
± 1µM, a value comparable to the one determined for the

wild-type strain (EC50 = 2µM, Table 1). In analogy, the
two alternative potent compounds 10b and 8d, tested under

the same conditions, gave comparable results (50% inhibitory

concentration = 7 ± 1µM and 10 ± 2µM or 10b and

8d, respectively). These data support the hypothesis of the
involvement of 10d in fusion events via interaction with the RSV

fusion F glycoprotein.
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FIGURE 3 | (Left) Inhibition of RSV A2-induced syncytium formation in Vero-76 cells by 10d at a concentration of 0µM (a), 50µM (b), 10µM (c), and 2µM (d).

Inoculum was removed 2 h post infection (p.i.), cells were left untreated or incubated 8 h p.i. with 10d, and syncytia formation was assessed 72 h p.i. as described in

Materials and Methods. In the presence of 10d both size and number of syncytia did not increase. Images were taken 72 h p.i. using the ZOE Fluorescent cell imager

(Bio-Rad) (bar size = 100µm). Syncytia are indicated by black arrows. (Right) Quantitative dose-response cell-to-cell fusion assay using the DSP-chimeric reporter

proteins and the ViviRen renilla luciferase substrate in the presence of compound 10d (filled symbols). The MeV (Measles Virus) F and H glycoprotein expression

constructs (open symbols) were included for selectivity control. Reported values are normalized for DMSO-treated samples and are expressed as the mean of three

experiments ± standard deviation. The EC50 value was obtained by 4-parameter variable slope regression fitting.

Inhibition of RSV F Protein-Mediated
Fusion Process by 10d
All biological results discussed above support the inhibition
of viral entry through involvement of fusion process as the
possible mechanisms of action of compound 10d. To investigate
this aspect in more detail 10d was tested in a plasmid-based
reporter assay (Yan et al., 2014) that quantifies the bioactivity
of viral entry (Nakane and Matsuda, 2015). According to this
experiment (Figure 3, right panel), compound 10d was able
to specifically inhibit the RSV F protein-mediated membrane
fusion process, with an EC50 value of 3.2µM (90% confidence
interval = 2.9–3.6). Repeating the same assay using the two
alternative, potent compounds 8d and 10b yielded completely
analogous results (Figure 4).

Taken together, all these data point to the interference with
a protein F-mediated membrane merger as the underlying
mechanism of anti-RSV activity of compound 10d.

In silico Interaction of 10d With the RSV
F Glycoprotein
As the last step in the characterization of the antiviral activity
of 10d, its putative binding mode onto the RSV F-protein was
predicted by molecular modeling (Figure 5A). According to the
in silico experiment, 10d could bind the three-fold symmetric
trimeric protein in its pre-fusion state with a calculated IC50 of
8.2µM (1Gbind = −7.22 ± 0.28 kcal/mol). The binding process
was estimated to be enthalpy-driven (1Hbind = −21.37 ± 0.16
kcal/mol and -T1Sbind = +14.15 ± 0.24 kcal/mol, respectively),
in agreement with evidences from other RSV fusion inhibitors
(Battles et al., 2016).

As seen in Figure 5A, the dichloro-substituted benzotriazole
moiety is encased in a hydrophobic cavity lined by the side chains
of F140, M396, and F488 (protomer A), whilst the phenyl ring
of 10d is engaged in π-π stacking with F140 of protomer B and
other favorable hydrophobic interactions with the side chains
of residues F137 and L138 of the same protomer. Moreover,
two weak yet persistent hydrogen bonds are detected between

FIGURE 4 | Quantitative dose-response cell-to-cell fusion assay using the

DSP-chimeric reporter proteins and the ViviRenrenilla luciferase substrate in

the presence of compounds 10d (black filled symbols), 10b (green filled

symbols), and 8d (red filled symbols). The MeV (Measles Virus) F and H

glycoprotein expression constructs (open symbols) were included for

selectivity control. Reported values are normalized for DMSO-treated samples

and are expressed as the mean of three experiments ± standard deviation.

The EC50 valuesfor the three compounds, obtained by 4-parameter variable

slope regression fitting, are: 3.2µM for 10d, 3.9µM for 10b, and 4.5µM for

8d, respectively. Data for 10b and 8d were obtained under the same

conditions employed for 10d (see main text, Materials and Methods section).

10d and the protein. The first involves the oxygen atom of the
ureidic group of 10d and the E487-F488 backbone NH group of
protomer C. The alternative H-bond is provided by the ureidic
NH group of the compound and the side chain of E487 on
protomer B.

According to the cell-based assay (Table 1), compounds 8d

and 10b exhibited an antiviral activity comparable to that
of 10d (EC50 = 3µM). Thus, we speculated that these two
compounds could adopt a binding mode onto the trimeric
RSV F-protein similar to that proposed for 10d. To verify this
hypothesis, the same computational approach was applied to
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FIGURE 5 | (A) Putative binding mode of compound 10d into the 3-fold symmetric trimeric RSV F-protein in its pre-fusion state. The compound is shown as

atom-colored balls-and-sticks (gray, C; blue, N; red, O; green, Cl). The three F protomers are represented as colored ribbons (light green, protomer A; light orange,

protomer B; light purple, protomer C). The protein residues mainly involved in 10d binding are evidenced and labeled. Hydrogen bonds are depicted as broken black

lines. Hydrogen atoms, water molecules, ions and counterions are omitted for clarity. (B) Structure of the known RSV F-protein inhibitor TMC353121. (C) Details of

TMC353121 in the binding pocket of the three-fold symmetric trimeric RSV F-protein in its pre-fusion state. Representations and colors as in (A).

the 8d/ and 10b/protein complexes (Figure S2). As expected,
the replacement of the cyclohexyl ring of 10d with a propyl
chain in 10b did not lead to any significant variation in
the interaction spectrum described for 10d: indeed, both
fundamental hydrogen bonds and the nicemolecular encasement
in the protein hydrophobic cavities are still detected along
the entire simulation trajectory (Figure S2A). Accordingly, the
binding energetic profile is utterlt comparable to that calculated
for the 10d/protein complex with a 1Gbind of −7.18 ±

0.31 kcal/mol (1Hbind = −21.28 ± 0.18 kcal/mol and -
T1Sbind = +14.10 ± 0.25 kcal/mol, IC50 = 8.7µM). On the
other hand, the replacement of the ureidic spacer with an amidic
moiety in 8d allows to perform only the hydrogen bond involving
the compound oxygen atom (Figure S2B). Despite this, 8d is
provided with a good affinity against the RSV F-protein, with a
calculated IC50 of 12.5µM (1Gbind = −6.96 ± 0.29 kcal/mol).
Although a slight decrease in the enthalpic contribution has been
detected (1Hbind = −20.32 ± 0.16 kcal/mol), 8d compensates
with a less entropic penalty, justified from the presence of a more
rigid 3,4,5-trimethoxybenzamide group in its structure.

With respect to current, highly potent inhibitors of RSV
fusion process (e.g., TMC353121 or BMS433771) (Battles et al.,
2016), 10d is less potent since, being somewhat smaller in
structure, it is not able to fully exploit the same plethora of
stabilizing interactions that underlay the binding mode of e.g.,
TMC353121 (Figures 5B,C). Specifically, the hydrophobic
pocket of protomer A (consisting of residues F140, M396,
and F488) and the side chains of F137 and F488 of protomer
B can properly accommodate the benzimidazole moiety of
TMC353121 through favorable hydrophobic interactions. The

morpholine group of the inhibitor optimizes protein binding by
exploiting specific electrostatic interactions, i.e., the positively
charged hydrogen atom performs a permanent ionic bridge
with E487 of protomer C, while the oxygen atom is engaged
in a stable dipole interaction with the side-chain of E487
(protomer B). Actually, the better binding performance of
TMC353121 with respect to 10d is related to the presence
of two bulky substituents on its benzimidazole ring: a) the
(3-hydroxypropyl)-5-methylphenyl moiety, which favorably
interacts with the aromatic side chain of F140 of protomer C via
a π-π stacking, and b) the 2-hydroxy-3-methylpiridin group,
which not only performs positive hydrophobic interactions with
F140 (protomer B) and F488 (protomer C) but is also engaged
in a hydrogen bond with E487 (protomer C). The corresponding
binding thermodynamics for the TMC353121/F-protein
complex formation, i.e., 1Gbind = −10.96 ± 0.31 kcal/mol,
1Hbind = −26.57 ± 0.19 kcal/mol, and -T1Sbind = +15.61
± 0.25 kcal/mol), reflect the high affinity of this compound in
binding the RSV F-protein, with a calculated IC50 of 19 nM, in
very good agreement with the corresponding experimental value
(IC50 = 8.7 nM, Battles et al., 2016).

In summary, preliminary computer-assisted drug design
results reveal the possible binding mode of 10d onto the RSV
F-protein, justify at the molecular level the lower potency of
this compound with respect to the nanomolar RSV F-protein
inhibitor TMC353121, and suggest that further optimization of
both the benzotriazole ring and the ureidic group substitutions
of 10d could lead to a second generation of more, potent RSV
inhibitors. Efforts in this direction are currently ongoing in
our laboratories.
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CONCLUSION

RSV is a widespread pathogen causing human lower respiratory-
tract infections in people of all ages. Despite its long history,
safe and effective cures for RSV remain elusive. In this work, a
series of new 5,6-dichloro-phenylbenzotriazole derivatives were
synthesized and tested for antiviral activity against RSV. All
compounds were generally endowed with high activity (EC50 in
the low micromolar range), low cytotoxicity (CC50 in the high
micromolar range), and very high RSV selectivity in whole-virus
cell-based assays. Among the entire class of compounds, 10d was
identified as a possible lead compound, with a potent anti-RSV
activity (EC50 = 2µM), high RSV selectivity, and an interesting
safety profile against most continuous cell lines from different
organs and species. As such, it was selected for further activity
and mechanistic studies.

ELISA data revealed a dose-dependent reduction of viral
antigen by 10d at non-cytotoxic concentrations, whist a
negligible virucidal effect of 10d was found against RSV virions.
These results indicated that the compound could not induce
significant virion inactivation and that the plaque-reduction
assay data were possibly due to the interference of 10d with some
step of the viral replication cycle.

Cell pretreatment with 10d failed to prevent viral infection,
and time of drug addition assays confirmed that 10d effectively
inhibited RSV activity in infected cells only when added during
or immediately after infection. Both these results supported the
hypothesis that 10d could inhibit viral infection by hampering
the binding and penetration processes of the virus into the
host cells.

To discriminate between these two mechanisms,
immunofluorescence assays were performed from which it
clearly resulted that 10d was not able to block viral binding to
cells. Moreover, a dose-dependent reduction of syncytia area and
number by 10d led to the final speculation that the fusion of the
viral envelop with the cell membrane, mediated by the RSV F
glycoprotein, could be the molecular mechanism underlying the
antiviral activity exerted by 10d.

To confirm this hypothesis. the activity of 10d was measured

in cells infected with a RSV strain expressing only the surface

F glycoprotein instead of the complete pool of F, G, and

SH glycoproteins. An EC50 of 7µM, comparable to the value

measured for the wild-type virus (2µM) indicated that the RSV

F-glycoprotein could be the viral molecular target of 10d. A
subsequent plasmid-based reported assay confirmed that 10dwas
able to specifically inhibit the RSV F protein-mediatedmembrane
fusion process, with an EC50 value of 3.2 µM.

Finally, molecular simulations were used to predict the
putative binding mode onto the RSV F glycoprotein in its pre-
fusion state. All three protomers were found to be involved
in binding 10d via stabilizing hydrogen bonds, π-π and other
hydrophobic interactions, ultimately resulting in an IC50 value of
8.2µM. A comparison with the known and potent RSV F-protein
inhibitor (TMC353121) highlighted the molecular level the lower
potency of this compound

Given all the results presented and discussed above, it might
be concluded that 10d represents a promising and selective
inhibitor of RSV which, in turn, could be considered as a good
starting point for the development of second-generation effective
candidate for early treatment of RSV infection.
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