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Abstract A new class of 2-benzoxazolinone derivatives
was designed and synthesized for its anti-human immuno-
deficiency virus-1 activity. The benzoxazolinone scaffold
could be replaced with catechol moiety in the potent but
toxic integrase strand transfer inhibitors. The biological
evaluation of the synthesized compounds revealed that all
compounds were active against human immunodeficiency
virus-1 at 100 μM. It is also found that most of the com-
pounds presented no significant cytotoxicity at concentra-
tion of 100 μM. The most potent compound with thiadiazole
ring as the linker inhibited the human immunodeficiency
virus-1 with 84% rate. Docking of this structure in the
active site of prototype foamy virus integrase indicated that
the chelation of two Mg2+ cations might be the probable
mechanism of the anti-human immunodeficiency virus-1
activity. Our results indicated that the synthesized com-
pounds can provide a very good basis for the development
of new anti-human immunodeficiency virus-1 agents.
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Introduction

Human immunodeficiency virus (HIV-1) life cycle has been
interrupted through inhibition of the three essential viral
enzymes encoded in the pol gene: reverse transcriptase
(RT), protease (PR) and integrase (IN) (Chi et al. 2007;
Tanis et al. 2010). The standard AIDS chemotherapy
referred to as highly active antiretroviral therapy (HAART)
is the combination of RT and PR inhibitors (Dayam et al.
2007). HAART therapy has suffered from important lim-
itations including drug toxicity, patient disinclination, and
drug resistance. Regarding to the problems, there is a
demand for alternative drug targets (Pawar et al. 2014;
Wang and Vince 2008). IN as the third enzyme of the pol
gene is a requisite for stable infection and has no host cell
equivalent. Therefore, IN has emerged as a novel target for
designing safe and potent inhibitors (Billamboz et al. 2011).
Integration process consists of two steps termed 3’-proces-
sing and strand transfer. The first step initiates after
assembly of the viral DNA on IN in cytoplasm (Boros et al.
2006; Quashie et al. 2012). In this reaction, (3’-processing)
IN catalyzes the cleavage of a dinucleotide from each 3’ end
of the DNA. After translocation of the preintegration
complex to the nucleus, strand transfer occurs (Dayam et al.
2007). Here, the viral DNA integrates into the host cell
DNA (Al-Mawsawi et al. 2007; Boros et al. 2006).

The active site of the IN consists of a DDE motif
(D64D116E152) that coordinates two Mg2+ ions (Hassou-
nah et al. 2016). Chelation of these metal cofactors is a
promising approach to selective inhibition of strand transfer.
As could be depicted in FDA approved IN inhibitors (ral-
tegravir, elvitegravir, and dolutegravir in Fig. 1), the
ketoenolcarboxyl group in place of chelating motif and
coplanar hydrophobic aryl group are the common pharma-
cophores for an integrase strand transfer inhibitor (INSTI)

* Afshin Zarghi
zarghi@sbmu.ac.ir

1 Department of Medicinal Chemistry, School of Pharmacy, Shahid
Beheshti University of Medical Sciences, Tehran, Iran

2 Hepatitis and AIDS department, Pasteur institute of Iran, Tehran,
Iran

Electronic supplementary material The online version of this article
(doi:10.1007/s00044-017-1969-8) contains supplementary material,
which is available to authorized users.

http://crossmark.crossref.org/dialog/?doi=10.1007/s00044-017-1969-8&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00044-017-1969-8&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00044-017-1969-8&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00044-017-1969-8&domain=pdf
mailto:zarghi@sbmu.ac.ir
http://dx.doi.org/10.1007/s00044-017-1969-8


(Li et al. 2014). The development of INSTIs has led to
different chemical classes including beta-diketoacids,
naphthyridinecarboxamides, pyrimidinones, pyridoxine
hydroxamic acids, and quinolone carboxylic acids (Quashie
et al. 2012; Stranix et al. 2016; Tanis et al. 2010).

2-Benzoxazolinone is a druggable scaffold with versatile
biological activities such as anti-HCMV (human cytome-
galovirus) and anti-VZV (varicella zoster virus) effects
(Bach et al. 2015; De Clercq and Poupaert 1999; Poupaert
et al. 2005). This scaffold serves as a bioisoster for phenol
or catechol and amides in many designs (Gerova et al.
2016). This bioisosteric replacement provides a tool to
overcome poor pharmacokinetic and unfavorable toxic
properties of catechol containing lead compounds (1 in
Fig. 2) (Ingale and Bhatia 2011; Poupaert et al. 2005).
Apparently, 2-benzoxazolinone with modified local steric
and electronic properties, could result in more selectivity
and affinity (Poupaert et al. 2005). In this research, we
selected the 2-benzoxazolinone as a new chemical scaffold
for INST inhibitory potential and joined it with a hydrazide
linker that is a part of some potent INSTIs such as com-
pound 2 (Fig. 2). We incorporated the aryl group in these
structures to occupy the hydrophobic module of the IN
active site.

To compare the effect of ring closure in the linker on
anti-HIV-1 activity, some derivatives with thiadiazole ring
as the linker were also considered (designed molecules in
Fig. 2). However, the isosteric relationships between 2-
benzoxazolinones and purines (De Clercq and Poupaert
1999), the 3’ end dinucleotide of viral DNA presenting in
the IN active site could be stabilized through π–π
interactions.

Results and discussion

Chemistry

The title compounds were synthesized according to the
pathway outlined in Scheme 1. Benzo[d]oxazol-2(3H)-one
(1) was prepared by classical procedure starting from 2-
aminophenol and urea. Treatment of (1) with ethyl chlor-
oacetate in the presence of potassium carbonate and acetone
as the solvent gave the N-alkylated product (2). This ester

intermediate reacted with hydrazine hydrate to afford the
acid hydrazide (3). The acylated compounds (4a–f) were
obtained by the reaction of hydrazide (3) with substituted
benzoyl chlorides in dry dimethyl formamide (DMF) and
catalytic amount of anhydrous sodium carbonate. For the
synthesis of compounds (5a–c), hydrazide (3) and some
phenyl isothiocyanate derivatives were heated under reflux
in absolute ethanol. Dehydrocyclization of compounds
(5a–c) was performed in conc. sulfuric acid to afford the
thiadiazole containing derivatives (6a–c).

Anti-HIV-1 activity

The activity of all compounds against single cycle replic-
able HIV NL4-3 was measured by determining their ability
to inhibit p24 expression in Hela cells cultures. The well-
known nucleoside RT inhibitor (AZT) was assayed in the
same cells as a reference. All synthesized compounds were
also tested for their cytotoxicity in MTT-based cell viability
assay. Results have been summarized in Table 1. All
compounds were active at 100 μM against HIV-1 with
inhibition rate ranging from 5–84%. The cell viability has
been in the range of 37–94%. Our results indicated that the
presence of 2-amino-1,3,4-thiadiazole ring as a spacer,
significantly improves the antiviral activity in comparison to
benzohydrazide or carbothioamide linker. Accordingly,
compound 6a having the aminophenyl at C-2 position of
1,3,4-thiadiazole ring showed the highest inhibitory effect
with 84% inhibition rate among the synthesized com-
pounds. It seems that the heteroatoms of thiadiazole ring
would have been involved in chelation of Mg2+ ions pre-
senting in the IN active site. However, substitution of
phenyl ring with either electron-withdrawing or electron-
donating group in compounds possessing thiadiazole (6b
and 6c) or benzohydrazide (4b–f) linker decreased the
potency, whereas cell viability has not meaningfully affec-
ted by this replacement. Our results showed that compounds
with carbothioamide linker (5a–c) exhibited higher anti
HIV-1 activity compared with their analogues having
bezohydrazide linker (4a–f). According to these results
compound 5b having electron-withdrawing group such as

Fig. 1 FDA approved INSTIs

Fig. 2 Lead compounds (1 and 2) and our designed structures
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fluorine substituent at para position of N-phenyl ring
exhibited the highest anti-HIV activity (81%) among the
series of compounds containing acyclic carbothioamide or
benzohydrazide linker. This finding conforms to the com-
mon 4-flourophenyl pharmacophore of INSTIs. This motif
would have been involved in charge transfer interaction
with positively charged pocket of the IN active site. It can
be concluded that the introduction of 1,3,4-thiadiazol ring to
the 2-benzoxazolinone scaffold results in the greater anti-
HIV-1 activity and lesser cytotoxicity. In addition, the
activity has benefited from the simple hydrophobic phenyl
ring Table 2).

Molecular modeling (docking)

In order to explore the binding pose of the synthesized
structures in the IN active site, docking studies were per-
formed using AutoDock Tools. The studies were based on
the X-ray crystallographic structure of prototype foamy
virus (PFV) IN (PDB: 3OYA) in complex with DNA, 2

Mg2+, and raltegravir at 2.65 Å resolution. According to the
literature, secondary structures of HIV-IN catalytic core
domain and PFV IN are very similar with relative mean
square deviations (RMSD) 1.04 Å (Billamboz et al. 2011;
Hajimahdi et al. 2013; Yu et al. 2013). According to these
data, we undertook docking studies based on the crystal-
lographic structure of PFV IN. This procedure was vali-
dated by docking of Raltegravir into the IN active site.
Then, the best obtained form was superimposed on the co-
crystallized raltegravire using the Pymol Molecular Gra-
phics System, version 0.99rc6 (Calculated RMSD= 1.92)
(Billamboz et al. 2011). Docking of the most potent struc-
ture into the IN active site (Fig. 3) exhibited two important
interactions: (1) chelation of two Mg2+ ions by the thia-
diazole ring heteroatoms and the nitrogen of aminophenyl
substituent (2) the 2-benzoxazolinone ring and the displaced
3’-end-DA17 interacted via π–π interactions. Furthermore,
the superimposition of the most active compound on the
crystallographic ligand (raltegravir) revealed the similar
pose of these two structures in the IN active site (Fig. 4).

Scheme 1 Reagents and
conditions: a Conc. HCl, reflux,
140–170 °C, 4 h b acetone,
K2CO3, reflux, 4 h c abs.
ethanol, reflux, 2 h d dry
dimethyl formamide (DMF),
anhydrous Na2CO3, r.t, 2 h e
abs. ethanol, reflux, 4 h f Conc.
sulfuric acid, r.t, 1 h
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Conclusion

Herein we investigated the anti-HIV-1 activity of a series of
2-benzoxazolinones derivatives as a potential scaffold for
INSTI activity. Also we introduced substituted phenyl ring
in these structures to insert into the hydrophobic pocket of
IN active site. According to the biological evaluations, all
compounds were active anti-HIV-1 agents at 100 μM. The
2-aminophenyl-1, 3, 4-thiadozole ring of the most potent
compound (6a, 84% at 100 μM) interacts with 2 Mg2+

cations in the IN active site. In accordance with the docking
study results, the benzoxazolinone scaffold involves in π–π

stacking interactions with viral DNA in the IN active site.
Thus, the anti-HIV-1 activity of these compounds may be
interpreted as INST inhibitory mechanism.

Experimental

Materials

All reagents purchased from the Aldrich (USA) or Merck
(Germany) Chemical Company and were used without
further purifications.

Table 1 Anti-HIV-1 activity of
compounds (4a–5c)

Compounds X R 100 μM

(%) Inhibition rate of P24
expression

% Cell
viability

4a O Phenyl 33 87

4b O 4-Fluorophenyl 7 86

4c O 4-Methylphenyl 10 94

4d O 4-Chlorophenyl 29 62

4e O 3-Methylphenyl 9 74

4f O 3-Fluorophenyl 5 94

5a S HN-Phenyl 16 90

5b S HN-4-Fluorophenyl 81 37

5c S HN-4-
Methylphenyl

42 82

AZT 100 100

Table 2 Anti-HIV-1 activity of
compounds (6a–6c)

Compounds R 100 μM

(%) Inhibition rate of P24 expression % Cell viability

6a Phenyl 84 50

6b 4-Fluorophenyl 31 49

6c 4-Methylphenyl 72 43

AZT 100 100
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General

Melting points (mp) were determined using a Thomas
Hoover capillary apparatus (Philadelphia, USA). Infrared
spectra were acquired on a Perkin-Elmer 1420 ratio
recording spectrometer. A Bruker FT-250 MHz instrument
(Brucker Biosciences, USA) was used to acquire 1HNMR
and 13CNMR spectra; chloroform-D and DMSO-d6 used as
solvents. Coupling constant (J) values are estimated in hertz
(Hz) and spin multiples are given as s (singlet), d (double), t
(triplet), q (quartet), m (multiplet), and br (broad). The mass
spectral measurements were performed on an 6410 Agilent
LCMS triple quadrupole mass spectrometer (LCMS) with
an electrospray ionization (ESI) interface.

Benzo d½ �oxazol�2 3Hð Þ � one ð1Þ
(Koeksal et al. 2005)

Ethyl 2� 2�oxobenzo d½ �oxazol�3 2Hð Þ�ylð Þacetate ð2Þ
(Salgın-Gökşen et al. 2007)

2� 2�Oxobenzo d½ �oxazol�3 2Hð Þ�ylð Þacetohydrazide
ð3Þ

(Salgın-Gökşen et al. 2007)

General procedure for preparation of substituted N’-(2-(2-
oxobenzo[d]oxazol-3(2H)-yl)acetyl)benzohydrazide (4a–f)

A mixture of compound 3 (1 mmol), anhydrous sodium
carbonate (0.03 g) and dry DMF (3 mL) was prepared in an
ice bath. To the reaction mixture, substituted benzoyl
chloride (1 mmol) was added under nitrogen atmosphere
and stirred at room temperature for 4 h. Then, it was poured
onto a beaker containing 30 g ice-cold water. After stirring

at room temperature for 1 h, the precipitate thus formed was
filtered, washed with water, and crystallized from ethanol.

N’-(2-(2-oxobenzo[d]oxazol-3(2H)-yl) acetyl) benzohydra-
zide (4a) Yield 65%; White crystalline powder; mp
223–225 °C; IR (KBr disk): υ (cm−1) 1663–1755 (C=O),
3286 (N–H); 1HNMR (DMSO-d6): δ (ppm) 4.60 (2H, s, N–
CH2–CO), 7.10–7.13 (1H, t, H5), 7.18–7.23 (2H, m, H4 and
H6), 7.33 (1H, d, J= 8.0 Hz, H7), 7.45 (2H, t, J= 7.5 Hz,
H3’ and H5’ Ar), 7.54 (1H, t, J= 7.5 Hz, H4’ Ar), 7.82 (2H,
d, J= 7.5 Hz, H2’ and H6’ Ar), 10.45 (2H, d, J= 18.0 Hz,
–NH–); 13CNMR (DMSO-d6): δ (ppm) 43.4 (CH2, N–
CH2–CO), 109.6 (CH, C7), 110.1 (CH, C4), 122.9 (CH, C6),
124.3 (CH, C5), 128.05 (CH, C2 and C6 Ar), 129.07 (CH,
C3 and C5 Ar), 131.67 (C, C–N), 132.36 (CH, C4 Ar),
132.63 (C, C–CO–NH), 142.4 (C, C–O), 154.4 (C,
N–CO–O), 165.9 (2C, CO–NH–NH–CO); LC-MS (ESI) m/
z: 334.1 (M+23, 100). Anal. Calcd. for C16H13N3O4: C,
61.73; H, 4.21; N, 13.50. Found: C, 61.96; H, 4.51; N,
13.35.

4-Fluoro-N’-(2-(2-oxobenzo[d]oxazol-3(2H)-yl)acetyl)ben-
zohydrazide (4b) Yield 50%; White crystalline powder;
mp 241–243 °C; IR (KBr disk): υ (cm−1) 1675–1763
(C=O), 3293–3345 (N–H); 1HNMR (DMSO-d6): δ (ppm)
4.63 (2H, s, N–CH2–CO), 7.11–7.20 (1H, m, H5),
7.23–7.25 (2H, m, H4 and H6), 7.29–7.43 (3H, m, H3’ and
H5’ Ar and H7), 7.91–7.96 (2H, dd, J= 7.5 Hz, H2’ and H6’

Ar), 10.51 (2H, d, J= 15.0 Hz, –NH–); 13CNMR (DMSO-
d6): δ (ppm) 43.0 (CH2, N–CH2–CO), 109.2 (CH, C7),
109.7 (CH, C4), 115.4, 115.7 (CH, C3 and C5 Ar, J= 18),
122.5 (CH, C6), 123.9 (CH, C5), 128.6 (C, C–CO–NH),
130.1–130.3 (CH, C2 and C6 Ar), 131.3 (C, C–N), 142.0
(C, C–O), 154.0 (C, N–CO–O), 162.3, 166.2 (C, C–F, J=
240), 164.4, 165.5 (2C, CO–NH–NH–CO); LC-MS (ESI)

Fig. 3 Compound 6a in PFV IN active site Fig. 4 Superimposition of compound 6a on Raltegravir in PFV IN
active site
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m/z: 352.1 (M+23, 100). Anal. Calcd. for C16H12FN3O4: C,
58.36; H, 3.67; N, 12.76. Found: C, 58.66; H, 3.41; N,
12.96.

4-Methyl-N’-(2-(2-oxobenzo[d]oxazol-3(2H)-yl)acetyl)ben-
zohydrazide (4c) Yield 45%; White crystalline powder;
mp 229–230 °C; IR (KBr disk): υ (cm−1) 1676–1769
(C=O), 3307–3607 (N–H); 1HNMR (DMSO-d6): δ (ppm)
2.38 (3H, s, –CH3), 4.62 (2H, s, N–CH2–CO), 7.15–7.20
(1H, m, H5), 7.23–7.25 (2H, m, H4 and H6), 7.28 (2H, d, J
= 7.5 Hz, H3’ and H5’ Ar), 7.36 (1H, d, J= 7.5 Hz, H7),
7.76 (2H, d, J= 7.5 Hz, H2’ and H6’ Ar), 10.42 (2H, s,
–NH–); 13CNMR (DMSO-d6): δ (ppm) 21.0 (CH3), 43.0
(CH2, N–CH2–CO), 109.2 (CH, C7), 109.7 (CH, C4), 122.5
(CH, C6), 123.9 (CH, C5), 127.5 (CH, C2 and C6 Ar), 129.0
(CH, C3 and C5 Ar), 129.4 (C, C–CO–NH), 131.3 (C,
C–N), 142.0 (C, C–CH3), 142.5 (C, C–O), 154.0 (C,
N–CO–O), 165.3, 165.5 (2C, CO–NH–NH–CO); LC-MS
(ESI) m/z: 348.1 (M+23, 100). Anal. Calcd. for
C17H15N3O4: C, 62.76; H, 4.65; N, 12.92. Found: C, 62.48;
H, 4.31; N, 13.05.

4-Chloro-N’-(2-(2-oxobenzo[d]oxazol-3(2H)-yl) acetyl)
benzohydrazide (4d) Yield 40%; White crystalline pow-
der; mp 249–251 °C; IR (KBr disk): υ (cm−1) 1980–1774
(C=O), 3286–3354 (N–H); 1HNMR (DMSO-d6): δ (ppm)
4.63 (2H, s, N–CH2–CO), 7.11–7.19 (1H, m, H5),
7.23–7.25 (2H, m, H4 and H6), 7.36 (1H, d, J= 7.5 Hz, H7),
7.56 (2H, d, J= 7.5 Hz, H3’ and H5’ Ar), 7.87 (2H, d, J=
7.5 Hz, H2’ and H6’ Ar), 10.56 (2H, d, NH); 13CNMR
(DMSO-d6): δ (ppm) 43.4 (CH2, N–CH2–CO), 110.0 (2CH,
C7), 110.1 (CH, C4), 122.9 (CH, C6), 124.3 (CH, C5), 129.1
(CH, C2 and C6 Ar), 129.8 (CH, C3 and C5 Ar), 131.3 (C,
C–CO–NH), 131.6 (C, C–N), 137.2 (C, C–Cl), 142.4 (C,
C–O), 154.4 (C, N–CO–O), 164.9,165.9 (2C,
CO–NH–NH–CO); LC-MS (ESI) m/z: 368.1 (M+23, 100).
Anal. Calcd. for C16H12ClN3O4: C, 55.58; H, 3.50; N,
10.25. Found: C, 55.81; H, 3.21; N, 10.44.

3-Methyl-N’-(2-(2-oxobenzo[d]oxazol-3(2H)-yl) acetyl)
benzohydrazide (4e) Yield 40%; White crystalline pow-
der; mp 208–210 °C; IR (KBr disk): υ (cm−1) 1678–1768
(C=O), 3276–3605 (N–H); 1HNMR (DMSO-d6): δ (ppm)
2.35 (3H, s, –CH3), 4.63 (2H, s, N–CH2–CO), 7.15–7.20
(1H, m, H5), 7.24–2.25 (2H, m, H4 and H6), 7.36 (1H, d, J
= 7.5 Hz, H7), 7.42–7.44 (2H, m, H4’ and H5’ Ar),
7.65–7.68 (2H, m, H2’ and H6’ Ar), 10.47 (2H, s, –NH–);
13CNMR (DMSO-d6): δ (ppm) 21.3 (CH3), 43.4 (CH2, N–
CH2–CO), 110.0 (2CH, C7), 110.1 (CH, C4), 122.9 (CH,
C6), 124.3 (CH, C5), 124.9 (CH, C6 Ar), 128.4 (CH, C2 Ar),
128.8 (CH, C5 Ar), 131.7 (C, C–N), 132.6 (C, C–CO–NH),
132.9 (CH, C4 Ar), 138.0 (C, C–CH3), 142.4 (C, C–O),
154.4 (C, N–CO–O), 165.8, 166.0 (2C, CO–NH–NH–CO);

LC-MS (ESI) m/z: 348.1 (M+23, 100). Anal. Calcd. for
C17H15N3O4: C, 62.76; H, 4.65; N, 12.92. Found: C, 63.01;
H, 4.81; N, 12.77.

3-Fluoro-N’-(2-(2-oxobenzo[d]oxazol-3(2H)-yl) acetyl)ben-
zohydrazide (4f) Yield 50%; White crystalline powder;
mp 219–220 °C; IR (KBr disk): υ (cm−1) 1696–1771
(C=O), 3205–3294 (N–H); 1HNMR (DMSO-d6): δ (ppm)
4.66 (2H, s, N–CH2–CO), 7.15–7.20 (1H, m, H5),
7.23–7.25 (2H, m, H4 and H6), 7.36 (1H, d, J= 7.5 Hz, H7),
7.45 (1H, d, J= 7.5 Hz, H4’ Ar), 7.57 (1H, t, J= 7.5 Hz, H5’

Ar), 7.64 (1H, d, J= 10.0 Hz, H2’ Ar), 7.72 (1H, d, J= 7.5
Hz, H6’ Ar), 10.57 (2H, d, J= 22.5 Hz, –NH–); 13CNMR
(DMSO-d6): δ (ppm) 47.7 (CH2, N–CH2–CO), 114.3 (2CH,
C7), 114.4 (CH, C4), 118.8, 119.2 (CH, C2 Ar, J= 24),
123.5, 123.9 (CH, C4 Ar, J= 24), 127.2 (CH, C6), 128.4
(CH, C5), 128.7 (CH, C6 Ar), 135.5, 135.6 (CH, C5 Ar),
136.0 (C, C–N), 139.1, 139.2 (C, C–CO–NH), 146.8 (C,
C–O), 158.7 (C, N–CO–O), 164.7, 168.6 (C, C–F, J= 240),
168.9, 170 (2C, CO–NH–NH–CO); LC-MS (ESI) m/z:
352.1 (M+23, 100). Anal. Calcd. for C16H12FN3O4: C,
58.36; H, 3.67; N, 12.76. Found: C, 58.51; H, 3.98; N,
12.64.

General procedure for the preparation of 2-(2-(2-oxobenzo
[d]oxazol-3(2H)-yl) acetyl)-N- substituted phenylhydrazine-
carbothioamide (5a–c)

A mixture of compound 3 (3 mmol), substituted phenyl
isothiocyanate (3.1 mmol) and 10 mL absolute ethanol was
refluxed for 4 h. Progress of the reaction was monitored by
thin layer chromatography (TLC). After completion of the
reaction, it was cooled to room temperature. The pre-
cipitated product was filtered and crystallized from ethanol.

2-(2-(2-Oxobenzo[d]oxazol-3(2H)-yl)acetyl)-N-phenylhy-
drazinecarbothioamide (5a) Yield 58%; White crystalline
powder; mp 190.5–192.5 °C; IR (KBr disk): υ (cm−1) 1204
(C=S), 1666–1746 (C=O), 2959–3251 (N–H); 1HNMR
(DMSO-d6): δ (ppm) 4.64 (2H, s, N–CH2–CO), 7.16–7.21
(3H, m, H5 and H4 and H6), 7.32–7.44 (5H, m, Ar H), 7.37
(1H, d, J= 7.5 Hz, H7), 9.72 (2H, s, –NH–CS), 10.49 (1H,
s, –NH–CO); 13CNMR (DMSO-d6): δ (ppm) 43.1 (CH2, N–
CH2–CO), 109.7 (2CH, C4 and C7), 122.4, 122.5 (2CH, C5

and C6), 123.9, 124.3 (2CH, C2 and C6 Ar), 125.4, 125.9
(CH, C4 Ar), 128.0, 128.2 (2CH, C3 and C5 Ar), 131.2 (C,
C–N), 139.0 (C, C–NH–CS), 142.0 (C, C–O), 154.1 (C,
N–CO–O), 165.9 (C, CO–NH–NH), 181.0 (C, CS); LC-MS
(ESI) m/z: 343.1 (M+1, 100). Anal. Calcd. for
C16H14N4O3S: C, 56.13; H, 4.12; N, 16.36. Found: C,
56.44; H, 4.34; N, 16.10.
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N-(4-fluorophenyl)-2-(2-(2-oxobenzo[d]oxazol-3(2H)-yl)
acetyl)hydrazinecarbothioamide (5b) Yield 65%; White
crystalline powder; mp 200–202 °C; IR (KBr disk): υ
(cm−1) 1218 (C=S), 1675–1755(C=O), 2882–3271 (N–H);
1HNMR (DMSO-d6): δ (ppm) 4.64 (2H, s, N–CH2–CO),
7.12–7.20 (5H, m, H3’ & H5’ Ar, H4 and H5 and H6), 7.37
(1H, d, J= 7.5 Hz, H7), 7.47–7.52 (2H, m, H2’ and H6’ Ar),
9.76 (2H, s, –NH–CS), 10.48 (1H, s, –NH–CO); 13CNMR
(DMSO-d6): δ (ppm) 43.5 (CH2, N–CH2–CO), 110.1 (2CH,
C4 and C7), 115.0, 115.2, 115.3, 115.5 (2CH, C3 and C5

Ar), 122.9 (CH, C6), 124.3 (CH, C5), 127.9 (CH, C2 Ar),
131.6 (C, C–N), 135.6,135.7 (CH, C6 Ar), 136.0 (C,
C–NH–CS), 142.3 (C, C–O), 154.5 (C, N–CO–O), 158, 162
(C, C–F, J= 240), 166.3 (C, CO–NH–NH), 182.3 (C, CS);
LC-MS (ESI) m/z: 361.1 (M+1, 100). Anal. Calcd. for
C16H13FN4O3S: C, 53.33; H, 3.64; N, 15.55. Found: C,
53.54; H, 3.75; N, 15.24.

2-(2-(2-Oxobenzo[d]oxazol-3(2H)-yl)acetyl)-N-(p-tolyl)
hydrazinecarbothioamide (5c) Yield 50%; White crystal-
line powder; mp 185–187 °C; IR (KBr disk): υ (cm−1) 1203
(C=S), 1703–1787 (C=O), 2940–3284 (N–H); 1HNMR
(DMSO-d6): δ (ppm) 2.29 (3H, s, –CH3), 4.64 (2H, s, N–
CH2–CO), 7.14–7.21 (5H, m, H3’ and H5’ Ar, H4 & H5 and
H6), 7.28 (2H, d, J= 7.5 Hz, H2’ and H6’ Ar), 7.36 (2H, d, J
= 7.5 Hz, H7), 9.65 (2H, s, –NH–CS), 10.46 (1H, s,
–NH–CO); 13CNMR (DMSO-d6): δ (ppm) 21.0 (CH3), 43.5
(CH2, N–CH2–CO), 110.1 (2CH, C4 and C7), 122.9 (CH,
C6), 124.3 (CH, C5), 126.2 (2CH, C2 and C6 Ar), 129.1
(2CH, C3 and C5 Ar), 131.6 (C, C–N), 135.0 (C,
C–NH–CS), 136.7 (CH, C–CH3), 142.3 (C, C–O), 154.5
(C, N–CO–O), 166.3 (C, CO–NH–NH), 181.1 (C, CS); LC-
MS (ESI) m/z: 357.1 (M+1, 100). Anal. Calcd. for
C16H12FN3O4: C, 58.36; H, 3.67; N, 12.76. Found: C,
58.45; H, 3.88; N, 12.61.

General procedure for the preparation of 3-((5-
(phenylamino)-1, 3, 4-thiadiazol-2-yl) methyl)benzo[d]
oxazol-2(3H)-one (6a–c)

To a cold conc. sulfuric acid (2 mL), compound 5a–c (1
mmol) was added gradually and stirred at the same tem-
perature until dissolution. This solution was left at room
temperature for 2 h and then poured onto ice-cold water (5
mL). The formed precipitate was filtered, washed with
water and crystallized from ethanol.

3-((5-(Phenylamino)-1, 3, 4-thiadiazol-2-yl) methyl)benzo
[d]oxazol-2(3H)-one (6a) Yield 25%; Yellow crystalline
powder; mp 206 °C (decomposed); IR (KBr disk): υ (cm−1)
1480–1500 (C=N), 1750 (C=O), 3300 (N–H); 1HNMR
(DMSO-d6): δ (ppm) 5.37 (2H, s, N–CH2–CO), 6.96–7.08

(1H, m, H5), 7.13–7.40 (6H, m, H3’ and H4’ and H5’ Ar, H4

and H6 and H7), 7.55 (2H, d, J= 7.5 Hz, H2’ and H6’ Ar),
10.39 (1H, s, –NH); 13CNMR (DMSO-d6): δ (ppm) 109.7
(CH, C7), 109.9 (CH, C4), 117.5 (2CH, C2 and C6 Ar),
117.9 (CH2, N–CH2–CO), 122.1 (CH, C4 Ar), 122.8 (CH,
C6), 124.1 (CH, C5), 129.1, 129.3 (2CH, C3 and C5 Ar),
130.4 (C, C–N), 140.4 (C, C–NH–thiadiazole), 142.0 (C,
C–O), 153.1 (C, C4 thiadiazole), 153.5 (C, N–CO–O),
165.5 (C, C1 thiadiazole); LC-MS (ESI) m/z: 325.1 (M+1,
100). Anal. Calcd. for C16H12N4O2S: C, 59.25; H, 3.73; N,
17.27. Found: C, 59.44; H, 3.96; N, 17.02.

3-((5-((4-Fluorophenyl) amino)-1, 3, 4-thiadiazol-2-yl)
methyl)benzo[d]oxazol-2(3H)-one (6b) Yield 30%; Yel-
low crystalline powder; mp 204 °C (decomposed); IR (KBr
disk): υ (cm−1) 1480–1503 (C=N), 1755 (C=O), 3284
(N–H); 1HNMR (DMSO-d6): δ (ppm) 5.38 (2H, s, N–
CH2–CO), 7.17 (3H, m, H3’ and H5’ Ar, H5), 7.23–7.27 (1H,
m, H6), 7.33 (1H, d, J= 7.7 Hz, H4), 7.39 (1H, d, J= 8.0
Hz, H7), 7.60 (2H, d, J= 8.0 Hz, H2’ and H6’ Ar), 10.44
(1H, s, –NH); 13CNMR (DMSO-d6): δ (ppm) 110.0 (CH,
C7), 110.3 (CH, C4), 115.9, 116.2 (CH, C3 and C5 Ar),
119.6, 119.7 (CH, C2 and C6 Ar), 122.0 (CH2, N–
CH2–CO), 123.2 (CH, C6), 124.5 (CH, C5), 130.7 (C,
C–N), 137.3 (C, C–NH-thiadiazole), 142.4 (C, C–O), 153.5
(C, C4 thiadiazole), 153.8 (C, N–CO–O), 155.9, 159.6 (C,
C–F), 166.0 (C, C1 thiadiazole); LC-MS (ESI) m/z: 343.1
(M+1, 100). Anal. Calcd. for C16H11FN4O2S: C, 56.13; H,
3.24; N, 16.37. Found: C, 56.41; H, 3.41; N, 16.54.

3-((5-(p-Tolylamino)-1, 3, 4-thiadiazol-2-yl)methyl)benzo
[d]oxazol-2(3H)-one (6c) Yield 20%; Yellow crystalline
powder; mp 228 °C (decomposed); IR (KBr disk): υ (cm−1)
1482–1546 (C=N), 1750 (C=O), 3257–3298 (N–H);
1HNMR (DMSO-d6): δ (ppm) 2.24 (3H, s, –CH3), 5.36 (2H,
s, N–CH2–CO), 7.12 (2H, d, J= 7.5 Hz, H3’ and H5’ Ar),
7.14–7.23 (2H, m, H5 and H6), 7.24 (1H, d, J= 7.5 Hz, H4),
7.31 (1H, d, J= 7.5 Hz, H7), 7.43 (2H, d, J= 7.5 Hz, H2’ &
H6’ Ar), 10.28 (1H, s, –NH); 13CNMR (DMSO-d6): δ (ppm)
20.8 (CH3), 110.0 (CH, C7), 110.3 (CH, C4), 118.0 (CH, C2

and C6 Ar), 118.4 (CH2, N–CH2–CO), 123.2 (CH, C6),
124.5 (CH, C5), 129.9 (CH, C3 and C5 Ar), 130.8 (C, C–N),
131.5 (C, C–CH3), 138.4 (C, C–NH–thiadiazole), 142 (C,
C–O), 153.1 (C, C4 thiadiazole), 153.5 (C, N–CO–O), 166.1
(C, C1 thiadiazole); LC-MS (ESI) m/z: 339.2 (M+1, 100).
Anal. Calcd. for C17H14N4O2S: C, 60.34; H, 4.17; N, 16.56.
Found: C, 60.53; H, 4.35; N, 16.77.

In vitro anti-HIV and cytotoxicity assays

This test was reported earlier in the reference (Zabihollahi
et al. 2010). The compounds were added in different
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concentrations concurrent with inoculation of single-cycle
replicable HIV-1NL4-3 virions (200 ng P24) to the Hela cells.
The inhibition rate (%) of P24 expression was calculated 72
h post infection by capture enzyme-linked immunosorbent
assay (Biomerieux, France). The XTT (sodium3-[1(pheny-
laminocarbonyl)-3,4-tetrazolium]-bis(4-methoxy-6-nitro)
benzene sulfonic acid)proliferation assay was conducted to
evaluate the cellular toxicity according to kit instructions
(Lin et al. 2002; Scudiero et al. 1988). Cytotoxicity test was
performed straight after the P24 assay.

Molecular modeling studies

The most potent compound and the X-ray crystallographic
structure of PFV IN (3OYA) were selected for docking
studies. The ligand was created and minimized using
HyperChem8.0. The co-crystallized ligand and water
molecules were extracted, Kollman charges were added
nonpolar hydrogens were merged and AutoDock4 atom
type assigned to the protein structure. Docking was per-
formed by Auto Dock 4.0 program, using the implemented
empirical free energy function and the Lamarckian Genetic
Algorithm (LGA) (Hajimahdi et al. 2013; Morris et al.
1998). The active site was defined as a Grid box around the
crystallographic ligand raltegravir in (20× 20× 20)
dimensions. Lamarckian genetic search algorithm was
employed and docking run was set to 50.
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