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Non-nucleoside reverse transcriptase inhibitors (NNRTIs) represent potent anti-HIV agents targeting HIV-1 re-
verse transcriptase (RT), a crucial enzyme for the viral life cycle. We have previously identified a series of
NNRTIs bearing a 2,3-diaryl-1,3-thiazolidin-4-one core and some compounds proved to be effective in inhibiting
HIV-1 replication at micromolar concentration. As a continuation in this research work we report the design, the
synthesis and the structure-activity relationship studies of a further series of 3-(1,3,4-thiadiazol-2-yDthiazolidin-

4-one derivatives containing an arylthioacetamide group as pharmacophoric structural requirement for binding
to the RT catalytic area. The new compounds proved to be effective to inhibit RT activity at micromolar con-
centrations. Finally, docking studies were carried out in order to rationalize the biological results of the new

synthesized inhibitors.

1. Introduction

The global pandemic of human immunodeficiency virus (HIV) re-
mains an important issue to human health worldwide and type 1 is the
main causative agent of acquired immunodeficiency syndrome (AIDS).
Nowadays, the treatment for HIV/AIDS consists of a combination an-
tiretroviral therapy (ART) including two or more antiretroviral drugs
belonging to different drug classes. Non-nucleoside reverse tran-
scriptase inhibitors (NNRTIs) disrupt the normal functions of HIV-1
reverse transcriptase (RT) enzyme via binding to NNRTI binding pocket
(NNIBP) close to the polymerase active site and are considered essential
components of ART due to their good tolerability, low toxicity and the
high selectivity.' US Food and Drug Administration approved the first
generation six NNRTIs for clinical use: nevirapine (NVP), delavirdine
(DLV), efavirenz (EFV) as first generation NNRTIs and etravirine
(TMC125), rilpivirine (TMC278)*° and doravirine (DOR) as second
generation NNRTIs (Fig. 1). Unfortunately, extensive adverse effects
combined with a high mutation rate of HIV-1 RT limit the clinical use of
NNRTIs.® ' Wherefore, there is still needed a development of a next-
generation of NNRTIs with increased safety and tolerability profile.

Thiazolidinediones (TZDs) exhibit a wide range of pharmacological
activities including antihyperglycemic,'' antimicrobial,'® antiviral,'?
antioxidant,'* anticancer,'® anti-inflammatory,'® neuroprotective,'”-'®
as well as tyrosinase inhibitory effect'”*° Among the large library of
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TZDs, we have discovered several 2,3-diaryl-1,3-thiazolidin-4-one de-
rivatives (Fig. 2) containing different aryl/heteroaryl substituents at C-
2 and N-3 of the nucleus demonstrating anti-HIV activity as
NNRTIs.>'2°

In order to expand this series of promising anti-HIV-agents, we
decided to introduce new chemical moieties thus decorating the 1,3,4-
thiadiazole ring of previously reported 1,3-thiazolidin-4-one deriva-
tives.2>"%” Our choice fell on the N-(hetero)arylacetamide “tail” that has
been identified as a structural chemical feature of compounds I-III as
promising NNRTIs (Fig. 3).%57%°

In this context, herein we examined the structure-activity relation-
ships (SARs) for 1,3-thiazolidin-4-ones that demonstrated that their
NNRT inhibitory effects were strongly dependent on the nature of the
substituents at C-2 and N-3 of the thiazolidinone ring (see
Fig. 2).>>3132 Specifically, we speculated that the introduction of a
halogen atom on the C-2 phenyl ring was able to positively influence
the inhibitory activity. This behavior might be explained by considering
the relevant role of hydrophobic interactions with residues Phe227 and
Trp229 on the opening hydrophobic channel of the NNIBP in HIV-1
RT."*%3%, Furthermore considering the N-(hetero)arylacetamide “tail”
as a structural chemical feature for promising NNRTIs, we combined
the versatile scaffold ‘2-aryl-3-(1,3,4-thiadiazol-2-yl)-1,3-thiazolidine-
4-one’ with S-linked N-arylacetamide.

The designed compounds were synthesized and screened as
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Fig. 2. 2,3-Diaryl-1,3-thiazolidin-4-one derivatives with anti-HIV activity
(NNRTISs).
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Fig. 3. Previously reported NNRTIs (I, II, and III) bearing N-(hetero)ar-
ylacetamide “tail”.

inhibitors of polymerase activity of HIV-1 RT in an enzymatic assay and
as inhibitors of HIV-1 replication in MT-4 cell culture. Finally, docking
studies were carried to clarify the binding mode of the newly synthe-
tized compounds.

2. Results and discussion

On the basis of above mentioned rational design, we report a series
of compounds obtained for the combination of the 1,3-thiazolidin-4-one
nucleus with the 1,3,4-thiadiazol-2-yl]sulfanyl]-N-arylacetamide por-
tion. Inspired by previously optimized SARs for NNRTIs*” we in-
troduced a sulfonamide or methylsulfonic group in para position of
phenyl ring of N-arylacetamide (Fig. 4).

To avoid false positive results, we preliminary explored possible
assays interference; all designed compounds passed the PAINS (pan-
assay interference compounds) filter investigated by means of the free
web tool (http://www.swissadme.ch/). Therefore, the target
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Fig. 4. Chemical structure of the new designed 3-(1,3,4-thiadiazol-2-yl)-1,3-
thiazolidin-4-ones.
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Scheme 1. Reagents and conditions: (i) CH3CH,OH, reflux, 72 h; (ii) K,COs,
DMF, r.t., 24 h.

thiazolidin-4-one derivatives were synthesized straightforwardly fol-
lowing synthetic strategy depicted in Scheme 1. The required 2-aryl-3-
(5-sulfanyl-1,3,4-thiadiazol-2-yl)thiazolidin-4-ones (1 a-d) were pre-
pared by reaction of commercially available 5-amino-1,3,4-thiadiazole-
2-thiol (5) with 2-mercaptoacetic acid (6) and the appropriate benzal-
dehyde 4a-d.*>® In turn, key reagents la-d were coupled with N-ar-
ylacetamides 7 and 8, which were prepared by reaction of appropriate
commercially available anilines 9-10 with chloroacetyl chloride (see
Scheme 2). Finally, the coupling reaction between the 2-aryl-3-(5-sul-
fanyl-1,3,4-thiadiazol-2-yl)thiazolidin-4-ones (1 a-d) and obtained 2-
chloro-N-(phenyl)acetamides (7-8) afforded in good yields target
compounds 2-([5-(4-0x0-2-phenyl-1,3-thiazolidin-3-yl)-1,3,4-thia-
diazol-2-yl]sulfanyl)-N-(4-sulfamoyphenyl)acetamide (2 a-d) and N-(4-
methylsulfonylphenyl)-2-[[5-(4-0x0-2-phenyl-thiazolidin-3-y1)-1,3,4-
thiadiazol-2-yl]sulfanyl]acetamide (3 a-d). Analytical and spectral data
(1H NMR) of all synthesized compounds were in full agreement with
the proposed structures.

The newly synthesized compounds were evaluated to assess their
ability to inhibit the polymerase activity of HIV-1 RT as well as HIV-1
replication in MT-4 cell cultures. We collected in Table 1 summarizes
biological data of target compounds 2 a-d and 3 a-d. We also examined

Ry Ry

7 Ry= SO,NH,
8 R;=SO,Me

9 Ry=SO,NH,
10 Ry= SO,Me

Scheme 2. Reagents and conditions: (i) DIPEA 0 °C, CH,Cly, r.t., 24 h.
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Table 1
Anti-RT and anti-HIV-1 activities, cytotoxicity and selectivity index in MT-4 cells.”
SH
N=( = N s f R
A N\ S \ / N\ 7/ \/[( !
| T P N
R/ / N N H
o
s\/\f— S\/\’§ o
2a-d
1a-d 3ad
Comp. R R1 ICso (uM)° ECso (uM)° CCso (V)" sI°
la H - > 100 31.99 = 0.78 = 423.1 13
1b 2-Cl - > 100 ~199.78 199.8 + 18.06 <1
1c 3-Cl - > 100 ~238.22 238.2 = 49.76 <1
1d 4-Cl - > 363 > 194.63 194.6 + 18.34 <1
2a H SO,NH, 30.56 + 6.12 > 99.24 99.24 + 15.30 <1
2b 2-Cl SO,NH, 21.84 = 2.89 > 18.81 >18.81 -
2c 3-Cl SO,NH, 19.17 = 3.86 > 118.17 118.2 = 11.05 <1
2d 4-Cl SO,NH, 7195 = 7.0 =225.3 =222.5 -
3a H SO,CHj3 40.64 *+ 6.72 > 130.46 130.5 + 26.70 <1
3b 2-Cl SO,CHj3 11.83 = 0.3 = 1729 = 1729 -
3c 3-Cl SO,CH3 15.75 = 3.95 >112.88 112.9 = 34.00 <1
3d 4-Cl SO,CHj3 39.43 + 138 >115.5 115.5 += 49.19 <1
NVP 1.55 = 0.25 0.18 = 0.03 > 15.02 > 81

a

b

Data reported as mean *+ standard deviations.

Concentration required to inhibit the in vitro RNA-dependent DNA polymerase activity of recombinant RT by 50%.

¢ Effective concentration required to reduce HIV-1-induced cytopathic effect by 50% in MT-4 cells.

4 Cytotoxic concentration required to reduce MT-4 cell viability by 50%.
¢ Selectivity index: ratio CCso/ECso.

the biological effects of synthetic precursors 2-phenyl-3-(5-sulfanyl-
1,3,4-thiadiazol-2-yl)thiazolidin-4-ones 1 a-d as negative control to
establish the role of N-arylacetamide tail. The results were expressed as
ICso values (anti-RT activity), ECso values (anti-HIV-1 activity), CCso
values (cytotoxicity) and SI values (selectivity index, given by the CCsq/
ECs¢ ratio). The FDA-approved drugs nevirapine (NVP) was used as
reference compound in the same tests.

The preliminary biological testing for all target compounds 2 a-d
and 3 a-d revealed that they were generally lower active inhibitors
when compared with reference compound NVP. Among the two series
of tested compounds 2 a-d and 3 a-d, the most promising molecules
were derivatives 2¢, 3b and 3c showing ICso value of 19.17 uM,
11.83 uM, 15.75 pM, respectively. Interestingly, target compounds 2 a-
d and 3 a-d were more active than their synthetic precursors 2-phenyl-
3-(5-sulfanyl-1,3,4-thiadiazol-2-yl)thiazolidin-4-ones (1 a-d), thus sug-
gesting that the introduction of the arylacetamide substituent positively
influences the RT enzymatic inhibition. Unfortunately, all the designed
derivatives showed low anti-HIV activity in MT-4 cell culture (Table 1).

In order to investigate the binding mode of studied derivatives we
performed docking studies into the non-nucleoside binding site of HIV-
1 RT (PDB code: 3DLG)*° using AutoDock Vina®” following the same
procedure described in our previous papers.’’ Fig. 5 displays the
docking results of compounds 1c¢, 2¢ and 3c that were selected as
protype for each class of tested inhibitors. By analysis of the docking
results, it was possible to observe that active inhibitors 2c and 3¢
shared a similar binding mode by occupying the hydrophobic pocket
made by the residues of Tyr181, Tyr188 and Trp229 (see panels 5B and
5C); moreover they established a favourable hydrogen bond contact
with Lys103 that represents an important residues for RT activity.***°
On the contrary, the inactive intermediate 1c¢ was not able to form this
crucial hydrogen bond interaction with Lys103. Additionally, com-
pound 1lc does not occupy the region lined by Lys101 and Pro236
(panel 5A) as relevant residues for the interaction of well-known active
NNRTIS.30,36,38,40,41

3. Conclusions

Herein we reported design, synthesis and biological evaluation of 3-

(1,3,4-thiadiazol-2-yl)thiazolidin-4-one derivatives. Biological tests
highlighted that the presence of arylacetamide moiety positively in-
fluences the RT enzymatic inhibition. This evidence was supported also
by docking studies that showed the contacts between our ligands and
crucial residues controlling the recognition process in to the enzymatic
cavity RT.

4. Experimental section
4.1. Chemistry

All starting materials and reagents commercially available (Sigma-
Aldrich Milan, Italy; Alfa Aesar Karlsruhe, Germany) were used without
further purification. Melting points were determined on a Buchi B-545
apparatus (BUCHI Labortechnik AG Flawil, Switzerland) and are un-
corrected. Elemental analyses (C, H, N) were carried out on a Carlo Erba
Model 1106 Elemental Analyzer (Carlo Erba Milano, Italy); the results
confirmed a =95% purity. Merck silica gel 60 F254 plates were used for
analytical TLC (Merck KGaA, Darmstadt, Germany). Flash
Chromatography (FC) was carried out on a Biotage SP1 EXP (Biotage
AB Uppsala, Sweden). 1H NMR spectra were measured in CDCI3 with a
Gemini 300 spectrometer (Varian Inc. Palo Alto, California USA); che-
mical shifts are expressed in § (ppm) and coupling constants (J) in Hz.

4.1.1. General procedure to synthesize 2-phenyl-3-(5-sulfanyl-1,3,4-
thiadiazol-2-yl)thiazolidin-4-ones (1 a-d)

To a solution of commercially available 5-amino-1,3,4-thiadiazol-2-
thiol (1 mmol) in ethanol (16 mL) the appropriate benzaldehyde (4 a-d)
(1 mmol) and 2-mercaptoacetic acid (1 mmol, 70 pl) were added. The
mixture was stirred 72 h at 100 °C; the evaporation of the solvent
furnished the crude product that was crystallized from a mixture of
Et,O and EtOH. This synthesis was carried out following a previously
reported procedure with slight modifications and the 1H NMR and 13C
NMR spectral assignments were in good agreement with previous
data.'®*>2 For intermediates 1a, 1b, and 1d registered CAS numbers
have been already assigned.

4.1.1.1. Phenyl-3-(5-sulfanyl-1,3,4-thiadiazol-2-yl)thiazolidin-4-one (1a)
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Fig. 5. Binding mode of derivatives 1c (A), 2c¢ (B), 3c (C) in complex with
NNIBP (binding affinity values of —8,6 Kcal/mol, —8,8 Kcal/mol and —8,9
Kcal/mol, respectively). The hydrogen bonds are in dotted lines. The figure was
created using PyMOL software.

CAS registry number 138225-69-1. Yield 65%; M.p. 262-264 °C. 1H
NMR (DMSO-de): (5) 3.95 (d, 1H, J = 17.8), 4.23 (d, 1H, J = 17.8),
6.51 (s, 1H, CH), 7.29-7.35 (m, 5H, ArH), 14.09 (bs, 1H, SH). Anal.
Caled for. (C11HoN30S5): C 44.72, H 3.07, N 14.22; Found: C 44.54, H
3.20, N 14.00.

4.1.1.2. 2-(2-ChlorophenyD)-3-(5-sulfanyl-1,3,4-thiadiazol-2-yl)

thiazolidin-4-one (1b) CAS registry number 106146-16-1. Yield 68%;
M.p. 240-242 °C. 1H NMR (DMSO-de): (8) 3.96 (d, 1H, J = 17.2), 4.15
(d, 1H, J = 17.2), 6.62 (s, 1H, CH), 7.26-7.36 (m, 3H, ArH), 7.52 (d,
1H,J = 9.3, ArH), 14.17 (bs, 1H, SH). Anal. Calcd for. (C;;HgCIN50S5):
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C 40.05, H 2.44, N 12.74; Found: C 40.16, H 2.81, N 12.33.

4.1.1.3. 2-(3-ChlorophenylD)-3-(5-sulfanyl-1,3,4-thiadiazol-2-yl)
thiazolidin-4-one (1c). Yield 65%; M.p. 240-242 °C. 1H NMR
(DMSO-dg): () 3.94 (d, 1H, J = 17.0), 4.27 (d, 1H, J = 17.0), 6.50
(s, 1H, CH), 7.33-7.36 (m, 3H, ArH), 7.53 (s, 1H, J = 9.3, ArH), 14.18
(bs, 1H, SH). Anal. Calcd for. (C;;HgCIN30S3): C 40.05, H 2.44, N
12.74; Found: C 40.00, H 2.66, N 12.45.

4.1.1.4. 2-(4-Chlorophenyl)-3-(5-sulfanyl-1,3,4-thiadiazol-2-yl)
thiazolidin-4-one (1d) CAS registry number 2226509-73-3. Yield 67%;
M.p. 248-250 °C. 1H NMR (DMSO-d): (6) 3.93 (d, 1H, J = 17.0), 4.26
(d, 1H,J = 17.0), 6.49 (s, 1H, CH), 7.40 (d, 1H, J = 8.2, ArH), 7.53 (s,
1H, J = 8.2, ArH), 7.62-7.78 (m, 2H, ArH), 14.15 (bs, 1H, SH). Anal.
Calcd for. (C;,HgCIN30S53): C 40.05, H 2.44, N 12.74; Found: C 40.25, H
2.31, N 12.50.

4.1.2. General procedure to synthesize 2-chloro-N-arylacetamides (7-8)
The 2-chloro-N-arylacetamide derivatives 7-8 were synthesized
following a previously reported procedure® introducing slow mod-
ifications as reported below. To a suspension of appropriate aniline
(9-10) (1 mmol) in DCM (2 mL) were added dropwise EDIPA (1 mmol,
174 pl) and chloroacetyl chloride (1 mmol, 80 pl). The reaction mixture
was stirred at 0 °C for 5 min, and subsequently at room temperature for
24 h. The completion of the reaction was followed by TLC Cyclo-
hexane/EtOAc 50:50. Afterwards, H,O (5 mL) and a saturated solution
of NaHCO3 (5 mL) were added to quench the reaction. The obtained
water layer was extracted with EtOAc (3x10 mL), dried over Na,SO,,
filtered and evaporated in vacuo. Desired intermediates 7-8 were pur-
ified by crystallization from Et20 and MeOH. All spectral data of in-
termediates 7-8 were in good agreement with literature.?”

4.1.3. General procedure to synthesize compounds 2-([5-(4-oxo-2-phenyl-
1,3-thiazolidin-3-yD-1,3,4-thiadiazol-2-yl]sulfanyl)-N-(4-sulfamoyphenyl)
acetamide (2 a-d) and N-(4-methylsulfonylphenyD)-2-[[5-(4-oxo-2-phenyl-
thiazolidin-3-yD)-1,3,4-thiadiazol-2-yl]sulfanyl]acetamide (3 a-d)

To a mixture of appropriate intermediate 1 a-d (1 mmol) and K>CO3
(1 mmol, 138 mg) in DMF (2 mL) the suitable 2-chloro-N-(4-sulfa-
moylphenyl)acetamide (1 mmol, 248 mg, 7) or 2-chloro-N-(4-methyl-
sulfonylphenyl)acetamide (0.5 mmol, 123 mg, 8) was added. The re-
action mixture was stirred at room temperature for 24 h, then quenched
with H>O (5 mL) and solution of NaHCO3 (5 mL). The water layer was
successively extracted with EtOAc (3x10 mL) and the organic layer was
washed with brine (3x5 mL), dried over Na,SO,, filtered and evapo-
rated under reduced pressure. Final products 2 a-d and 3 a-d were
obtained by chromatography on silica gel with DCM/MeOH 98:2 and
subsequent crystallization from Et,O at 0 °C.

4.1.3.1. 2-[[5-(4-Oxo-2-phenyl-thiazolidin-3-yl)-1,3,4-thiadiazol-2-yl]
sulfanyl]-N-(4 sulfamoylphenylacetamide (2a). Yield 30%, M.p.: 172 °C
dec. 1H NMR (DMSO-dg), (6) 3.41 (d, 1H, J = 17.0); 4.21 (s, 2H, CH2);
4.28 (d, 1H, J = 17.0); 6.68 (s, 1H); 7.26 (bs, 2H, NH2); 7.29-7.33 (m,
5H, ArH); 7.68 (d, 2H, J = 8.8, ArH); 7.74 (d, 2H, J = 8.8, ArH); 10.63
(bs, 1H, NH). Anal. Calcd for.: (C1oH;7N504S4): C 44.96; H 3.38; N
13.80; Found: C 44.80; H 3.15; N 13.60.

4.1.3.2. 2-[[5-[2-(2-Chlorophenyl)-4-oxo-thiazolidin-3-yl]-1,3,4-
thiadiazol-2-yl]sulfanyl]-N-(4-sulfamoylphenylacetamide (2b). Yield
52%, M.p.: 178 °C dec. 1H NMR (DMSO-dg), (6) 4.04 (d, 1H,
J = 16.4); 4.17-4.23 (m, 3H); 6.79 (s, 1H); 7.26 (bs, 2H, NH2);
7.27-7.33 (m, 4H, ArH); 7.67 (d, 2H, J = 8.8, ArH); 7.75 (d, 2H,
J = 8.8, ArH); 10.63 (bs, 1H, NH). Anal. Calcd for.: (C;9H;6CIN504S,4):
C 42.10; H 2.98; N 12.92; Found: C 42.00; H 2.66; N 12.70.

4.1.3.3. 2-[[5-[2-(3-Chlorophenyl)-4-oxo-thiazolidin-3-yl]-1,3,4-
thiadiazol-2-yl]sulfanyl]-N-(4-sulfamoylphenyl)acetamide (2¢). Yield
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98%, M.p.: 215 °C dec. 1H NMR (DMSO-dg), (8) 4.01 (d, 1H, J = 17.0);
4.22 (s, 2H, CH2); 4.32 (d, 1H, J = 17.0); 6.67 (s, 1H); 7.25 (bs, 2H,
NH2); 7.26-7.33 (m, 3H, ArH); 7.67 (s, 1H, ArH); 7.70-7.76 (m, 4H,
ArH); 10.63 (bs, 1H, NH). Anal. Calcd for.: (C;9H;6CIN504S,): C 42.10;
H 2.98; N 12.92; Found: C 42.38; H 2.64; N 12.80.

4.1.3.4. 2-[[5-[2-(4-Chlorophenyl)-4-oxo-thiazolidin-3-yl]-1,3,4-
thiadiazol-2-yl]sulfanyl]-N-(4-sulfamoylphenyl)acetamide (2d). Yield
88%, M.p.: 225 °C dec. 1H NMR (DMSO-dg), (8) 4.01 (d, 1H,
J = 17.0); 4.22 (s, 2H, CH2); 4.26 (d, 1H, J = 17.0); 6.68 (s, 1H);
7.25 (bs, 2H, NH2); 7.33-7.40 (m, 4H, ArH); 7.71-7.77 (m, 4H, ArH);
10.63 (bs, 1H, NH). Anal. Calcd for.: (C;0H;6CIN504S4): C 42.10; H
2.98; N 12.92; Found: C 42.42; H 2.77; N 12.63.

4.1.3.5. N-(4-Methylsulfonylphenyl)-2-[[5-(4-0xo-2-phenyl-thiazolidin-3-
yD-1,3,4-thiadiazol-2-yl]sulfanyl]acetamide (3a). Yield 98%, M.p.:
222 °C dec. 1H NMR (DMSO-de), (6) 3.14 (s, 3H, CH3); 4.00 (d, 1H,
J = 17.0); 4.22 (s, 2H, CH2); 4.26 (d, 1H, J = 17.0); 6.68 (s, 1H);
7.28-7.33 (m, 5H, ArH); 7.76 (d, 2H, J = 8.8, ArH); 7.84 (d, 2H,
J = 8.8, ArH); 10.74 (bs, 1H, NH). Anal. Calcd for.: (CooH18N404S4): C
47.41; H 3.58; N 11.06; Found: C 47.12; H 3.26; N 11.37.

4.1.3.6. 2-[[5-[2-(2-Chlorophenyl)-4-oxo-thiazolidin-3-yl]-1,3,4-
thiadiazol-2-yl]sulfanyl]-N-(4-methylsulfonylphenylDacetamide

(3b). Yield 31%, M.p.: 195 °C dec. 1H NMR (DMSO-dp), (6) 3.12 (s, 3H,
CH3); 4.00-4.22 (m, 4H), 6.77 (s, 1H); 7.13-7.31 (m, 3H, ArH);
7.48-7.82 (m, 5H); 10.74 (bs, 1H, NH). Anal. Calcd for.:
(C0H;7CIN4O4S,): C 44.39; H 3.17; N 10.35; Found: C 44.18; H 3.00;
N 10.49.

4.1.3.7. 2-[[5-[2-(3-Chlorophenyl)-4-oxo-thiazolidin-3-yl]-1,3,4-
thiadiazol-2-yl]sulfanyl]-N-(4-methylsulfonylphenylDacetamide

(3c). Yield 98%, M.p.: 190-192 °C. 1H NMR (DMSO-de), (§) 3.14 (s,
3H, CH3); 4.01 (d, 1H, J = 17.0); 4.24 (s, 2H, CH,); 4.33 (d, 1H,
J =17.0); 6.77 (s, 1H); 7.25-7.33 (m, 3H, ArH); 7.51 (s, 1H, ArH); 7.76
(d, 2H, J = 8.8, ArH); 7.84 (d, 2H, J = 8.8, ArH); 10.74 (bs, 1H, NH).
Anal. Calcd for.: (CooH;7CIN404S,4): C 44.39; H 3.17; N 10.35; Found: C
44.30; H 3.00; N 10.17.

4.1.3.8. 2-[[5-[2-(4-Chlorophenyl)-4-oxo-thiazolidin-3-yl]-1,3,4-
thiadiazol-2-yl]sulfanyl]-N-(4-methylsulfonylphenylacetamide

(3d). Yield 34%, M.p.: 195 °C dec. 1H NMR (DMSO-dg), (8) 3.14 (s, 3H,
CH3); 3.98-4.32 (m, 4H); 6.67 (s, 1H); 7.27-7.39 (m, 4H, ArH);
7.78-7.84 (m, 4H, ArH); 10.74 (bs, 1H, NH). Anal. Calcd for.:
(C0H;7CIN40O4S,): C 44.39; H 3.17; N 10.35; Found: C 44.15; H 3.00;
N 10.49.

4.2. Invitro anti-HIV assay

Evaluation of the antiviral activity of the compounds against HIV in
MT-4 cells was performed using the MTT assay as previously de-
scribed.*® Stock solutions (10 x final concentration) of test compounds
were added in 25 pl volumes to two series of triplicate wells so as to
allow simultaneous evaluation of their effects on mock- and HIV-in-
fected cells at the beginning of each experiment. Serial 5-fold dilutions
of test compounds were made directly in flat-bottomed 96-well mi-
crotiter trays using a Biomek 3000 robot (Beckman instruments, Full-
erton, CA). Untreated HIV- and mock-infected cell samples were in-
cluded as controls. HIV stock (50 upl) at 100-300 CCIDs, (50% cell
culture infectious doses) or culture medium was added to either the
infected or mock-infected wells of the microtiter tray. Mock-infected
cells were used to evaluate the effects of test compound on uninfected
cells in order to assess the cytotoxicity of the test compounds. Ex-
ponentially growing MT-4 cells were centrifuged for 5 min at 220 g and
the supernatant was discarded. The MT-4 cells were resuspended at
6 X 105 cells/ml and 50 pl volumes were transferred to the microtiter
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tray wells. Five days after infection, the viability of mock-and HIV-in-
fected cells was examined spectrophotometrically using the MTT assay.
The MTT assay is based on the reduction of yellow colored 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) (Acros
Organics) by mitochondrial dehydrogenase activity in metabolically
active cells to a blue-purple formazan that can be measured spectro-
photometrically. The absorbances were read in an eight-channel com-
puter-controlled photometer (Infinite M1000, Tecan), at two wave-
lengths (540 and 690 nm). All data were calculated using the median
absorbance value of three wells. The 50% cytotoxic concentration
(CCsp) was defined as the concentration of the test compound that re-
duced the absorbance (OD540) of the mock-infected control sample by
50%. The concentration achieving 50% protection against the cyto-
pathic effect of the virus in infected cells was defined as the 50% ef-
fective concentration (ECsg).

4.3. Reverse transcriptase assay

Recombinant wild type p66/p51 HIV-1 RT was expressed and pur-
ified as previously described.”® The RT assay is performed with the
EnzCheck Reverse Transcriptase Assay kit (Molecular Probes, In-
vitrogen), as described by the manufacturer. The assay is based on the
dsDNA quantitation reagent PicoGreen. This reagent shows a pro-
nounced increase in fluorescence signal upon binding to dsDNA or
RNA-DNA heteroduplexes. Single-stranded nucleic acids generate only
minor fluorescence signal enhancement when a sufficiently high dye:
base pair ratio is applied.** This condition is met in the assay. A poly
(rA) template of approximately 350 bases long, and an oligo(dT)16
primer, are annealed in a molar ratio of 1:1.2 (60 min. at room tem-
perature). Fifty-two ng of the RNA/DNA is brought into each well of a
96-well plate in a volume of 20 pl polymerization buffer (60 mMTris-
HCl, 60 mM KCl, 8 mM MgCl,, 13 mM DTT, 100 uM dTTP, pH 8.1). Five
ul of RT enzyme solution, diluted to a suitable concentration in enzyme
dilution buffer (50 mM Tris-HCl, 20% glycerol, 2 mM DTT, pH 7.6), is
added (final RT enzyme concentration in the reaction mixture is
25 nM). To test the activity of compounds against RT, 1 pl of compound
in DMSO is added to each well before the addition of RT enzyme so-
lution. Control wells without compound contain the same amount of
DMSO (3.85% of the total reaction volume of 26 pl). The reactions are
incubated at 25 °C for 40 min and then stopped by the addition of EDTA
(15 mM fc). Heteroduplexes are then detected by addition of PicoGreen.
Signals are read using an excitation wavelength of 490 nm and emission
detection at 523 nm using a spectrofluorometer (Safire 2, Tecan). Re-
sults are expressed as relative fluorescence i.e. the fluorescence signal of
the reaction mix with compound divided by the signal of the same re-
action mix without compound.

4.4. Docking studies

The crystal structure of HIV-1 reverse transcriptase in complex with
GW564511 inhibitor was retrieved from the RCSB Protein Data Bank
(PDB code 3DLG).*® The protein and ligands 1-3 a-d were prepared by
Discovery Studio 2.5.5. The ligands were also minimized using
CHARMm forcefield and used for docking by AutoDock Vina following
the same protocol described in previous papers.>”>°
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