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Materials and methods

Biology

Compounds. Stock solutions of the synthesized compounds, the reference
antichagasic drug BZ —kindly provided by LAFEPE, Laboratorio Farmacéutico do Estado
de Pernambuco, Brazil- and the reference trichomonacidal drug MTZ (Sigma-Aldrich
Chemical Co., St. Louis, MO) were prepared in dimethyl sulfoxide (DMSO) and
extemporaneously diluted in culture media in a final concentration of the solvent that did

not exceed 0.2% v/v, which has no toxic effect over both parasites and mammalian cells *-
4

Study of potential trypanocidal activity. Trypanosoma cruzi cultures. Biological
assays on T. cruzi were carried out against two different strains: CL-B5 lacZ ° and Y &,
which are classified as DTUs TcVI and Tcll, respectively . Axenic cultures of T. cruzi
epimastigotes were continuously maintained at 28 °C in log-phase, by weekly passages in
Liver Infusion Tryptose (LIT) medium supplemented with 10% of heat-inactivated foetal
bovine serum (FBS) and antibiotics (ie., 100 IU/mL penicillin and 100 ug/mL
streptomycin). Tissue culture-derived trypomastigotes (TCT) of CL-B5 lacZ strain were
obtained by infecting L929 cells maintained in Minimal Essential Medium (MEM) without
phenol red, supplemented with 10% heat-inactivated FBS, 100 1U/mL penicillin and 100
pg/mL streptomycin, with epimastigotes at stationary phase (ie., 14-day-old cultures) for 24
h at 33 °C and 5% CO.. Infected cultures were washed with phosphate-buffered saline
(PBS) to remove non-internalized parasites and incubated with fresh MEM for 7 days at the
aforementioned conditions of temperature and humidity. At this time, TCT were harvested
in the supernatant of L929 infected cultures cultures and then, used for the obtention of

intracellular amastigotes in the corresponding susceptibility assays »%%.

Mammalian cell cultures. Cultures of L929 fibroblasts and J774 macrophages were
grown at 37 °C with 5% CO. and respectively sustained in MEM and Roswell Park
Memorial Institute (RPMI) medium without phenol red, both supplemented with 10% heat-
inactivated FBS and antibiotics (ie., 100 IU/mL penicillin and 100 pg/mL streptomycin).
Weekly sub-passages were carried out by detaching cells with a solution of 0.03% EDTA
and 0.05% trypsin in PBS 8,
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CL-B5 lacZ epimastigote susceptibility assays. Trypanocidal activity of the
compounds was firstly evaluated over this DTU TcVI lacZ transfected strain in presence of
the chromogenic substrate chlorophenol red p-D-galactopyranoside (CPRG) #°. Cultures of
log-phase epimastigotes in LIT medium were seeded in 96-well microplates (200 pL/well)
at a density of 2.5 x 10° parasites/mL and incubated within serial solutions of compounds
for 72 h at 28 °C. Then, 50 pL of CPRG solution in 0.9% Triton X-100 (final concentration
200 uM, pH 7.4) was added per well and after 3 h of incubation at 37 °C, absorbance read
at 595 nm (ELx808 ELISA reader, Biotek Instruments Inc). Percentages of epimastigote
growth inhibition (%EGI) and concentration that inhibits 50% of epimastigote growth

(ICs0) were calculated as previously reported “.

Y strain epimastigote susceptibility assays. The most promising compounds of these
series, were also tested against the moderately-drug resistant Y strain (DTU Tcll) in
presence of the redox indicator resazurin, following the methodology standardized by
Roldn et al. 1% Accordingly, 3 x 10° log-phase epimastigotes/mL were distributed in 96-
well microplates by seeding 200 pL/well. Parasites were treated for 48 h at 28 °C with
serial solutions of compounds and then, 20 uL of resazurin solution in PBS (3 mM, pH 7.0)
added per well. After 5 h of incubation at 28 °C, fluorescence intensity was read at 535
(excitation) and 590 (emission) nm in a Infinite 200 multifunctional microplate reader
(Tecan) and %EGI and ICso calculated 2.

Unspecific cytotoxicity assays on L929 fibroblasts. The cytotoxic profile of
compounds was simultaneously explored over cultures of L929 cells. Accordingly, 100
uL/well of a suspension in MEM containing 10 x 10* cells were seeded in 96-well
microplates and maintained for 3 h at 37 °C with 5% CO.. After cell attachment, culture
medium was replaced by 200 pL of compounds serially diluted in fresh MEM and plates
incubated for 72 h at the aforementioned conditions of temperature and humidity. Then, 20
uL of a resazurin solution in PBS (2 mM, pH 7.0) was added and plates incubated for 3 h
(37 °C, 5% CO>). Fluorescence intensity was read at 535 (excitation) and 590 (emission)
nm in a Infinite 200 multifunctional microplate reader (Tecan). Percentages of cytotoxicity
(%CLg29) and concentration that produces 50% of cell death (CCso) were calculated as

reported by Fonseca-Berzal et al. .
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Unspecific cytotoxicity assays on J774 macrophages. For the most promising
compounds, the potential toxic effects were also explored on J774 macrophages 8. Briefly, a
suspension of 50 x 10* cells in RPMI medium was distributed in 96-well microplates by
adding 100 pL/well. After 3 h of incubation at 37 °C with 5% COg, culture medium was
discarded and 200 pL of compounds serially diluted in RPMI added. Cells were treated for
48 h (37 °C, 5% CO>) and then, 20 pL of a resazurin solution in PBS (1 mM, pH 7.0) added
to each well. Fluorescence intensity was read at 535 (excitation) and 590 (emission) nmin a
Infinite 200 multifunctional microplate reader (Tecan). Finally, percentages of cytotoxicity

(%Cy774), CCso and Sl on Y epimastigotes were calculated 411,

CL-B5 lacZ intracellular amastigote susceptibility assays. Those compounds with
trypanocidal profile over epimastigotes similar to that of BZ, were moved to a more
specific assay against intracellular amastigotes. These assays were carried out by applying
the CPRG method reported by Fonseca-Berzal et al. 4. Accordingly, 10,000 L929 cells
were seeded in 48-well plates and infected with CL-B5 lacZ tissue culture-derived
trypomastigotes at 1:6 ratio (cell:parasite). After 24 h of incubation at 33 °C with 5% CO.,
non-penetrated parasites were rinsed with PBS and then, infected cultures treated with
compounds diluted in fresh MEM for 7 days in similar conditions of temperature and
humidity. Finally, 50 pL of CPRG solution in 3% Triton X-100 (final concentration 400
UM, pH 7.4) was added and after 3 h of incubation at 37 °C, absorbance read at 595 nmin a
Infinite 200 multifunctional microplate reader (Tecan). Percentages of amastigote growth

inhibition (%AGI), ICso and Sl on CL lacZ amastigotes were also calculated.

For each experiment, the assays were run at the same conditions three times separately
(n=3) and therefore, both activity and cytotoxicity results are expressed as the mean value

of the respective 1Cso or CCso + standard deviation (SD).

Study of trichomonacidal activity. T. vaginalis culture. Trichomonas vaginalis isolate
JH31#A4 from the American Type Culture Collection (ATCC, Ref. No. 30236) was used
for the in vitro trichomonacidal screening assays. The parasites were cultured in trypticase-
yeast extract-maltose (TYM) medium supplemented with 10% heat-inactivated FBS and
antibiotic solution (100 IU/mL penicillin and 100 pg/mL streptomycin) at 37 °C in a
humidified atmosphere with 5% CO *.
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Mammalian cell cultures. Different mammalian cell lines were used to evaluate the
specific antiparasitic activity of the most interesting compounds. African green monkey
kidney epithelial cells (Vero CCL-91, ATCC) were grown in RPMI-1640 medium
supplemented with 10% FBS and antibiotic solution. The cells were cultured in sterile
plastic flasks at 37 °C in a 5% CO: incubator and passages were executed when reaching

80-90% confluence checked at the inverted microscope 2.

Trichomonacidal in vitro assays. Parasites in a logarithmic growth phase, after 5 h of
incubation from an initial culture of 1 x 10° trophozoites/mL, were incubated again with the
different compounds at two-fold dilutions (from 300 to 9.37 uM) for 24 h. Metronidazole at
24 UM was used as positive control and DMSO solvent at 0.2% v/v was also added in
growth controls. Then, each tube was seeded in a 96 well flat-bottom microplate,
posteriorly centrifuged at 300g for 5 min and subsequently, TYM medium was replaced
with 200 pL of sterile PBS 1X and 20 pL of resazurin, previously prepared at a stock
concentration of 3 mM in PBS. After 1 h of incubation with the redox dye, plates were read
in a Infinite 200 multifunctional microplate reader (Tecan) at Aexcitation-emission OF 535-590

nm, respectively as indicates the method described by Ibafiez Escribano et al. L.

Unspecific cytotoxicity assays in mammalian cells. The most active compounds against
T. vaginalis were posteriorly screened in Vero CCL-81 cells according to the sequential
protocol used in the laboratory %24, Briefly, Vero cells were seeded (5 x 10* cells/well)
and plates were incubated for 6 h at the same conditions as previously described. After 6 h,
the compounds were added at the same concentrations evaluated in the T. vaginalis assays.
The cytotoxicity effect over cells was evaluated after 24 h of incubation with the
compounds using the resazurin protocol at 1 mM stock solution and after 3 h with the dye.
The 96 well-plates were read at Aexcitation 535 nm and Aemission 590 nm in a Infinite 200
multifunctional microplate reader (Tecan).

Statistical determinations. PROBIT analysis (SPSS v.22, IBM) was used for the
determination of the 50% inhibitory concentration (ICso) in T. vaginalis assays, the 50%
cytotoxic concentration (CCsp) against Vero CCL-81 cells and the 95% confidence

intervals. All the experiments were performed at least two times in triplicate. The growth
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inhibition values used to calculate these parameters presented a standard deviation below
10%.

Mode of action (MoA) determinations

Hydrogenosomal Membrane Potential Assay. Loss of hydrogenosomal membrane
integrity was evaluated with the JC-1 Mitochondrial Membrane potential Assay Kit
(Cayman Chemical, USA) following the recommendations of the manufacturer. Briefly, 5 x
10° trophozoites JH31A#4 were seeded in 96-well microplates in a final volume of 100 pL
and cultivated for 4 h with compounds 51 and 63 at a final concentration of 100 uM. Then,
a volume of 10 pL of the cationic vital JC-1 dye (1:10 in TYM medium) was added. After
15 minutes of incubation, the plates were washed twice in the buffer solution provided in
the kit. The presence of J-monomers was measured in a Infinite 200 multifunctional
microplate reader (Tecan) at 535 nm and observed under fluorescence microscope. All the
assays have been conducted in the presence of 50 uM of the uncoupler agent CCCP (m-
chlorocarbonylcyanide phenylhydrazone) as a positive control °. Moreover, all the

determinations were evaluated twice and at least in two independent experiments.

Scanning Electron Microscopy. Trophozoites were placed in a glass coverslip
coated with 0.1 % poly L-Lysine solution during 1 h and were fixed in Milloning’s solution
containing 2% glutaraldehyde during 1 h. Then the samples were washed in Milloning’s
solution with 0.5% glucose and dehydrated in ethanol series and anhydrous acetone.
Samples were critical-point dried using a Polaron CPD7501 critical-point drying system
and sputter coated with 200 A gold—palladium using a Polaron E5400. SEM observations
were performed at 5-15 kV on a Zeiss DSM950 SEM.

Chemistry

General procedure for the preparation of isothiocyanates 11-20.

To a solution of the corresponding aniline 1-10 (3.0 g) in a 1:1 CH2Cl>—H20 mixture
(24 mL) were added triphosgene (1.5 equiv.) and CaCOs (2.0 equiv.); the corresponding
mixture was vigorously stirred for 2 h, at rt. After that, it was filtrated, and the organic layer

was separated, dried over NaxSOs, filtrated and concentrated under vacuum.
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Isothiocyanates 11-20 were directly used for the next step, without any further

purifications.

General procedure for the preparation of thiosemicarbazides 22—-30.

To a solution of isothiocyanates 11-20 (1.0 equiv.) in CH2Cl> was dropwise added
hydrazine (1.2 equiv.). After the addition, the solution was kept at rt for 3 h, yielding
precipitation of the target compounds. The solid was filtrated and washed with CH2Cl; to

give derivatives 22-30.

General procedure for the preparation of thiosemicarbazones 36-65.

A solution of thiosemicarbazides 21-30 (500 mg) and the corresponding aromatic aldehyde
(1.0 equiv.) in EtOH (15 mL) was refluxed overnight. After cooling to rt, the products
precipitated and were washed with cold EtOH. 3,4-Dihydroxyphenyl derivatives were
concentrated to dryness and precipitated with Et20.

1-(4’-Hydroxybenzylidene)-4-(p-methylphenyl)-3-thiosemicarbazone (39). 4-(p-
Methylphenyl)-3-thiosemicarbazide 22 (500 mg, 3.03 mmol) and p-hydroxybenzaldehyde
32 (370 mg, 3.03 mmol) were used. Yield: 260 mg (33%). Mp: 179-183 °C. *H-NMR (300
MHz, DMSO-ds) & 11.58 (s, 1H, NH), 9.89 (s, 1H, Ar-NH), 9.88 (s, 1H, OH) 8.05 (s, 1H,
N=CH), 7.70 (m, 2H, H-2’, H-6"), 7.43 (m, 2H, Ar-Ho), 7.14 (m, 2H, Ar-Hm), 6.79 (m, 2H,
H-3°, H-5%), 2.30 (s, 3H, CHs) ppm; ®C-NMR (125.7 MHz, DMSO-ds) &: 175.6 (C=S),
159.6 (C-4’), 143.3 (C=N), 136.7 (C-4), 134.4 (C-1), 129.6 (C-2’, C-6"), 128.6 (C-3, C-5),
125.7 (C-1°), 125.1 (C-2, C-6), 115.7 (C-3°, C-5"), 20.7 (CH3) ppm; HRESI-MS m/z calcd.
for C15H16N3OS ([M + H]*): 286.1009, found: 286.1012.

1-(4°’-Methoxybenzylidene)-4-(p-methylphenyl)-3-thiosemicarbazone (40). 4-(p-
Methylphenyl)-3-thiosemicarbazide 22 (500 mg, 3.03 mmol) and p-methoxybenzaldehyde
33 (0.37 mL, 3.03 mmol) were used. Yield: 720 mg (88%). Mp: 187-190 °C; ‘H-NMR
(300 MHz, DMSO-ds) & 11.66 (s, 1H, NH), 9.96 (s, 1H, Ar-NH), 8.11 (s, 1H, N=CH), 7.83
(m, 2H, H-2°, H-6"), 7.43 (m, 2H, Ar-Ho), 7.15 (m, 2H, Ar-Hm), 6.97 (m, 2H, H-3’, H-5"),
3.79 (s, 3H, OCHs), 2.30 (s, 3H, CH?®) ppm; *C-NMR (125.7 MHz, DMSO-dg) & 175.8
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(C=S), 161.0 (C-4"), 142.8 (C=N), 136.8 (C-4), 134.5 (C-1), 129.4 (C-2’, C-6), 128.6 (C-3,
C-5), 126.7 (C-1°), 125.9 (C-2, C-6), 114.3 (C-3°, C-5"), 55.4 (OCHs), 20.7 (CH3) ppm;
HRESI-MS m/z calcd. for C1sH1sN3OS ([M + H]*): 300.1165, found: 300.1167.

1-(3’,4’-Dihydroxybenzylidene)-4-(p-methylphenyl)-3-thiosemicarbazone ~ (41).  4-(p-
Methylphenyl)-3-thiosemicarbazide 22 (500 mg, 3.03 mmol) and 3/4-
dihydroxybenzaldehyde 34 (418 mg, 3.03 mmol) were used. Yield: 571 mg (54%). Mp:
198-200 °C. *H-NMR (300 MHz, DMSO-ds) & 11.55 (s, 1H, NH), 9.85 (s, 1H, Ar-NH),
9.51 (brs, 1H, OH), 9.09 (brs, 1H, OH) 8.00 (s, 1H, N=CH), 7.44 (m, 2H, Ar-Ho), 7.32 (d,
1H, J» ¢ =1.9 Hz, H-2"), 7.14 (m, 2H, Ar-Hm), 7.10 (dd, 1H, J» s =1.9 Hz, Js ¢ =8.2 Hz,
H-6%), 6.79 (d, 1H, H-5"), 2.30 (s, 3H, CHs) ppm. ¥*C-NMR (125.7 MHz, DMSO-ds) &
175.6 (C=S), 148.1 (C-4’), 145.7 (C-3”), 143.7 (C=N), 136.7 (C-4), 134.4 (C-1), 128.7 (C-
3, C-5), 125.7 (C-17), 125.6 (C-2, C-6), 120.8 (C-6’), 115.7 (C-5"), 114.2 (C-27), 20.8
(CH3) ppm; HRESI-MS m/z calcd. for CisHisN3O2S ([M + H]"): 302.0958, found:
302.0960.

1-(4°’-Hydroxybenzylidene)-4-(p-methoxylphenyl)-3-thiosemicarbazone (42). 4-(p-
Methoxyphenyl)-3-thiosemicarbazide 23 (500 mg, 2.53 mmol) and p-hydroxybenzaldehyde
32 (310 mg, 2.53 mmol) were used. Yield: 428 mg (56%). Mp: 140-145 °C. H-NMR (300
MHz, DMSO-ds) & 11.55 (s, 1H, NH), 9.93 (s, 1H, Ar-NH), 9.86 (s, 1H, OH) 8.05 (s, 1H,
N=CH), 7.71 (m, 2H, H-2’, H-6"), 7.38 (m, 2H, Ar-Ho), 6.91 (m, 2H, Ar-Hm), 6.80 (m, 2H,
H-3°, H-5"), 3.76 (s, 3H, OMe) ppm; C-NMR (125.7 MHz, DMSO-ds) § 175.9 (C=S),
159.6 (C-4’), 143.3 (C=N), 136.7 (C-4), 134.4 (C-1), 129.6 (C-2’, C-6"), 128.6 (C-3, C-5),
125.7 (C-1), 125.1 (C-2, C-6), 115.7 (C-3°, C-5"), 20.7 (CH3) ppm; HRESI-MS m/z calcd.
for C15H16N302S ([M + H]"): 302.0958, found: 302.0961.

4-(4’-Fluorophenyl)-1-(p-methoxybenzylidene)-3-thiosemicarbazone (44). 4-(4’-
Fluorophenyl)-3-thiosemicarbazide 24 (500 mg, 3.26 mmol) and p-methoxybenzaldehyde
33 (0.40 mL, 3.26 mmol) were used. Yield: 770.9 mg (78%). Mp: 187-192 °C. 'H-NMR
(300 MHz, DMSO-ds) & 11.72 (s, 1H, NH), 10.03 (s, 1H, Ar-NH), 8.09 (s, 1H, N=CH),
7.83 (M, 2H, H-2>’, H-6""), 7.69 (app dd, 2H, *Jur= 5.2 Hz, H-2’, H-6), 7.18 (app t, 2H,
3Jue= 8.9 Hz, H-3°, H-5"), 6.97 (m, 2H, H-3"’, H-5"), 3.79 (s, 3H, OMe) ppm; *C-NMR
(125.7 MHz, DMSO-ds) &: 176.1 (C=S), 161.2 (C-4>*), 159.6 (d, YJc = 241.1 Hz, C-4"),
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143.1 (C=N), 135.6 (d, “Jcr= 2.8 Hz, C-17), 130.0 (C-2’, C-6""), 128.1 (d, 3Jcr= 8.4 Hz,
C-2°, C-6"), 126.7 (C-1""), 114.6 (d, 2Jc = 23.0 Hz, C-3°, C-5°), 114.3 (C-3>*, C-5"), 55.4
(OMe) ppm; HRESI-MS m/z calcd. for CisHisFN3OS ([M + H]"): 304.0914, found:
304.0917.

4-(4°-Fluorophenyl)-1-(3°’,4 " -dihydroxybenzylidene)-3-thiosemicarbazone  (45). 4-(4’-
Fluorophenyl)-3-thiosemicarbazide 24 (500 mg, 3.26 mmol) and 34-
dihydroxybenzaldehyde 34 (450 mg, 3.26 mmol). Yield: 27.6 mg (3%). *H-NMR (300
MHz, DMSO-ds) &: 11.63 (s, 1H, NH), 9.95 (s, 1H, Ar-NH), 9.55 (s, 1H, OH), 9.01 (s, H,
OH), 8.00 (s, 1H, N=CH), 7.57-7.52 (m, 2H, Ar-Ho), 7.31 (d, 1H, J»¢= 2.0 Hz, H-2""),
7.17 (app t, 2H, 3JuF= 8.9 Hz, H-3’, H-5"), 7.09 (dd, 1H, J>» 6= 2.0 Hz, Js>» 6= 8.4 Hz, H-
6), 6.76 (d, 1H, Js = 8.4 Hz, H-5>") ppm; *C-NMR (125.7 MHz, DMSO-ds) & 175.7
(C=S), 159.1 (d, Ncr= 241.9 Hz, C-4°), 148.0, 145.9, 143.9 (C=N, C-4>, C-3"), 135.6 (d,
“Jcr= 2.7 Hz, C-1°), 127.8 (d, 3JcF= 8.5 Hz, C-2°, C-6°), 125.4 (C-1""), 120.7 (C-6"), 115.5
(C-5%), 114.7 (d, e = 22.6 Hz, C-3°, C-5°), 114.2 (C-2"") ppm.

4-(p-Chlorophenyl)-1-(4 -methoxybenzylidene)-3-thiosemicarbazone (46). 4-(p-
Chlorophenyl)-3-thiosemicarbazide 25 (500 mg, 2.48 mmol) and p-methoxybenzaldehyde
33 (0.30 mL, 2.48 mmol) were used. Yield: 0.54 g (68%). Mp: 177-181 °C. *H-NMR (300
MHz, DMSO-ds) 6 11.80 (s, 1H, NH), 10.05 (s, 1H, Ar-NH), 8.12 (s, 1H, N=CH), 7.84 (m,
2H, H-2°, H-6"), 7.63 (m, 2H, Ar-Ho), 7.41 (m, 2H, Ar-Hm), 6.98 (m, 2H, H-3", H-5"), 3.80
(s, 3H, CHs) ppm; BC-NMR (125.7 MHz, DMSO-ds) & 175.6 (C=S), 160.9 (C-4"), 143.2
(C=N), 138.1 (C-1), 129.3 (C-4), 129.1 (C-2, C-6), 127.9 (C-2°, C-6°), 127.3 (C-3, 5),
126.4 (C-1), 114.1 (C-3°, C-5’), 55.3 (OMe) ppm; HRESI-MS m/z calcd. for
C15H15CIN3OS ([M + H]*): 320.0619, found: 320.0623.

4-(p-Bromophenyl)-1-(3°,4 -dihydroxybenzylidene)-3-thiosemicarbazone (49). 4-(p-
Bromophenyl)-3-thiosemicarbazide 26 (500 mg, 2.03 mmol) and 3/4-
dihydroxybenzaldehyde 34 (280 mg, 2.30 mmol) were used. Yield: 480 mg (65%). Mp:
189-193 °C. 'H-NMR (300 MHz, DMSO-ds) & 11.66 (s, 1H, NH), 9.95 (s, 1H, Ar-NH),
9.53 (brs, 1H, OH), 8.99 (brs, 1H, OH) 7.98 (s, 1H, N=CH), 7.53 (m, 4H, Ar-Ho, Ar-Hm),
7.30 (d, 1H, J>' ¢ =2.0 Hz, H-2"), 7.07 (dd, 1H, J» ¢ =2.0 Hz, Js ¢ = 8.2 Hz, H-6"), 6.75 (d,
1H, Js:6' = 8.2 Hz, H-5") ppm; *C-NMR (125.7 MHz, DMSO-ds) & 175.3 (C=S), 148.2 (C-
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4%), 145.7 (C-3°), 144.3 (C=N), 138.8 (C-1), 130.9 (C-4), 127.5 (C-2, C-6), 125.4 (C-1°),
120.7 (C-6),117.2 (C-3, C-5), 115.4 (C-57), 114.3 (C-3’) ppm; HRESI-MS m/z calcd. for
C14H13BrNzO2S ([M + H]"): 365.9906, found: 365.9903.

4-(p-lodophenyl)-1-(4 -methoxybenzylidene)-3-thiosemicarbazone (51). 4-(p-lodophenyl)-
3-thiosemicarbazide 27 (500 mg, 1.71 mmol) and p-methoxybenzaldehyde 33 (0.21 mL,
1.71 mmol) were used. Yield: 0.65 g (92%). Mp: 183-186 °C. H-NMR (300 MHz,
DMSO-ds) 6 11.77 (s, 1H, NH), 10.02 (s, 1H, Ar-NH), 8.09 (s, 1H, N=CH), 7.82 (m, 2H,
H-2’, H-6), 7.68 (m, 2H, Ar-Ho), 7.43 (m, 2H, Ar-Hm), 6.96 (m, 2H, H-3", H-5"), 3.78 (s,
3H, OMe) ppm; BC-NMR (125.7 MHz, DMSO-dg) & 175.3 (C=S), 160.9 (C-4’), 143.1
(C=N), 139.0 (C-1), 136.6 (C-2, C-6), 129.3 (C-2’, C-6’), 127.7 (C-3, C-5), 126.6 (C-1°),
114.1 (C-3°, C-5"), 89.6 (C-4), 55.2 (OMe); HRESI-MS m/z calcd. for C1sH15IN30OS ([M +
H]"): 411.9975, found: 411.9974.

1-(3’,4’-Dihydroxybenzylidene)-4-(p-iodophenyl)-3-thiosemicarbazone (52). 4-(p-
lodophenyl)-3-thiosemicarbazide 27 (500 mg, 1.71 mmol) and 3,4-dihydroxybenzaldehyde
34 (240 mg, 1.71 mmol) were used. Yield: 431 mg (61%). Mp: 178-182 °C (dec.). ‘H-
NMR (300 MHz, DMSO-deg) 3: 11.64 (s, 1H, NH), 9.95 (s, 1H, Ar-NH), 8.01 (s, 1H,
N=CH), 7.69 (m, 2H, Ar-Hm), 7.47 (m, 2H, Ar-Ho), 7.32 (d, 1H, J» ¢= 1.7 Hz, H-2"), 7.10
(dd, J» 6= 1.7 Hz, 1H, Js ¢= 8.7 Hz, H-6"), 6.78 (d, 1H, Js ¢= 8.7 Hz, H-5") ppm; *3C-
NMR (125.7 MHz, DMSO-d6) & 175.0 (C=S), 148.0, 145.5, 144.5 (C-3’, C-4’, C=N),
139.0 (C-3”’, C-57"), 136.6 (C-17), 127.3 (C-1""), 125.2 (C-2"*, C-6""), 120.6 (C-6"’), 115.4
(C-5""), 114.1(C-2""), 89.4 (C-4’) ppm; HRESI-MS m/z calcd. for CisH13IN3OS ([M +
H]"): 413.9768, found: 413.9764.

1-(4°-Methoxybenzylidene)-4-(2 " -nitrophenyl)-3-thiosemicarbazone (54). 4-(27-
Nitrophenyl)-3-thiosemicarbazide 28 (500 mg, 2.35 mmol) and p-methoxybenzaldehyde
(0.28 mL; 2.35 mmol) were used. Yield: 761 mg (98%). Mp: 180-185 °C (dec.). *H-NMR
(300 MHz, DMSO-ds) &: 12.17 (s, 1H, NH), 11.11 (s, 1H, Ar-NH), 8.49 (brd, 1H, Js¢=
8.3 Hz, H-6""), 8.18 (s, 1H, N=CH), 8.15 (dd, 1H, J3~4+=8.2 Hz, J;5»= 1.3 Hz, H-3""),
7.82 (m, 2H, H-2’, H-6"), 7.75 (td, 1H, J3- 5»= 1.3 Hz, Js>: 6= Js~ 5= 8.3 Hz, H-5""), 7.45
(td, 1H, J2» 4= 1.2 Hz, J3» 4»= Js» 5»= 8.2 Hz, H-4""), 7.04 (m, 2H, H-3’, H-5"), 3.83 (s, 3H,
OMe) ppm; ¥C-NMR (125.7 MHz, DMSO-dg) § 175.1 (C=S), 161.2 (C-4"), 143.9 (C=N),
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141.8 (C-27’), 134.0, 133.9 (C-1’, C-2’, C-67), 129.2 (C-5"), 127.0 (C-1"), 126.2, 125.5
(C-37,C-4), 125.1 (C-67"), 114.4 (C-3°, C-5"), 55.4 (OMe) ppm; HRESI-MS m/z calcd.
for C1sH15N4O3S ([M + H]™): 331.0859, found: 331.0859.

1-(3’,4’-Dihydroxybenzylidene)-4-(2 ’-nitrophenyl)-3-thiosemicarbazone  (55). 4-(2”’-
Nitrophenyl)-3-thiosemicarbazide 28 (500 mg, 235 mmol) and and 3,4-
dihydroxybenzaldehyde 34 (320 mg, 2.35 mmol) were used. Yield: 222 mg (28%). Mp:
181-184 °C (dec.). *H-NMR (300 MHz, DMSO-ds) &: 12.07 (s, 1H, NH), 11.00 (s, 1H, Ar-
NH), 8.70 (s, 1H, H-6), 9.63 (s, 1H, OH), 9.08 (s, 1H, OH), 8.48 (dd, 1H, Js» = 1.2 Hz,
Js» 6= 8.3 Hz, H-6""), 8.13 (dd, 1H, J3» 5= 1.5 Hz, J3 4= 8.3 Hz, H-3"), 8.05 (s, 1H,
N=CH), 7.76 (td, 1H, J3» 5= 1.5 Hz, J4» 5= Js» 6= 8.3 Hz, H-5""), 7.41 (td, Js 6= 1.2 Hz,
J3» 4= g 50= 8.3 Hz, 1H, H-4""), 7.29 (d, 1H, J2» ¢= 2.0 Hz, H-2"), 7.11 (dd, 1H, J>- = 2.0
Hz, Js6= 8.2 Hz, H-6"), 6.81 (d, 1H, Js ¢= 8.2 Hz, H-5") ppm; *C-NMR (125.7 MHz,
DMSO-ds) 6: 174.8 (C=S), 148.4 (C.4’), 145.7 (C-2"), 145.0 (C=N), 141.7 (C-3°), 133.9
(C-17"), 127.1 (C-17), 125.4 (C-57"), 125.3 (C-3*’, C-4""), 120.7, 119.1 (C-6’, C-6""), 115.5
(C-5%), 114.6 (C-2") ppm; HRESI-MS m/z calcd. for C14H13N4O4S ([M + H]"): 333.0652,
found: 333.0653.

1-(4’-Hydroxybenzylidene)-4-(m-nitrophenyl)-3-thiosemicarbazone (56). 4-(3’-
Nitrophenyl)-3-thiosemicarbazide 29 (500 mg, 2.35 mmol) and p-hydroxybenzaldehyde 32
(290 mg, 2.35 mmol) were used. Yield: 470 mg (63%). Mp: 152157 °C. *H-NMR (300
MHz, DMSO-ds) &: 11.90 (s, 1H, NH), 10.27 (s, 1H, Ar-NH), 9.97 (s, 1H, OH), 8.68 (m,
1H, H-2"), 8.13 (m, 2H, H-4>*, H-6""), 8.03 (s, 1H, N=CH), 7.77 (m, 2H, H-2", H-6"), 7.61
(m, 1H, H-5""), 6.85 (m, 2H, H-3’, H-5") ppm; *C-NMR (125.7 MHz, DMSO-ds) § 175.4
(C=S), 159.6 (C-4), 147.4 (C-3""), 144.5 (C=N), 140.6 (C-1""), 131.7 (C-6""), 129.8 (C-2’,
C-6”), 129.3 (C-5"’), 124.9 (C-17), 119.6 (C-2”’, C-4"’), 115.7 (C-3°, C-5") ppm; HRESI-
MS m/z calcd. for C14H13N4O3S ([M + H]*): 317.0703, found: 317.0700.

1-(4°’-Methoxybenzylidene)-4-(m-nitrophenyl)-3-thiosemicarbazone (57). 4-(3-
Nitrophenyl)-3-thiosemicarbazide 29 (500 mg, 2.35 mmol) and p-methoxybenzaldehyde 33
(0.28 mL, 2.35 mmol) were used. Yield: 655 mg (84%). Mp: 178-181 °C. *H-NMR (300
MHz, DMSO-dg) 6 11.96 (s, 1H, NH), 10.33 (s, 1H, Ar-NH), 8.64 (brt, 1H, J2»6>=J2> 4=
2.0 Hz, H-2), 8.15 (s, 1H, N=CH), 8.11 (dd, 1H, Jo 4= 2.0 Hz, Js» 5= 8.5 Hz, H-4""),
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8.04 (dd, 1H, J»»¢= 2.0 Hz, Js»¢= 8.5 Hz, H-67), 7.86 (m, 2H, H-2’, H-6"), 7.64 (1,
Jgm 5= Jsv.6= 8.5 Hz, 1H, H-5"") 7.00 (m, 2H, H-3", H-5"), 3.80 (s, 3H, OMe); *C-NMR
(125.7 MHz, DMSO-ds) § 175.9 (C=S), 161.5 (C-4"), 147.7 (C-3>) 144.3 (C=N), 140.8 (C-
1), 132.0 (C-6""), 129.9 (C-2’, C-6"), 129.6 (C-5""), 126.7 (C-1"), 120.0 (C-2""), 119.9 (C-
47), 114.6 (C-3’, C-5°), 55.4 (OMe) ppm; HRESI-MS m/z calcd. for CisH1sN4O3sS ([M +
H]"): 331.0859, found: 331.0860.

1-(3’,4’-Dihydroxybenzylidene)-4-(m-nitrophenyl)-3-thiosemicarbazone (58). 4-(m-
Nitrophenyl)-3-thiosemicarbazide 29 (500 mg, 2.35 mmol) and 3,4-dihydroxybenzaldehyde
34 (320 mg, 2.35 mmol) were used. Yield: 202 mg (26%). Mp: 170-175 °C (dec.). ‘H-
NMR (300 MHz, DMSO-ds) & 11.74 (s, 1H, NH), 10.19 (s, 1H, Ar-NH), 8.58 (t, 1H,
Jor 4= Jp»go= 2.1 Hz, H-2""), 8.02-7.95 (m, 2H, H-4>, H-6""), 7.97 (s, 1H, N=CH), 7.60
(t, 1H, Jg» 5= Js» 6= 8.4 Hz, H-5"), 7.30 (d, 1H, J» &= 2.0 Hz, H-2"), 7.10 (dd, 1H, J» ¢'=
2.0 Hz, Js 6= 8.2 Hz, H-6"), 6.76 (d, 1H, Js = 8.2 Hz, H-5") ppm; *C-NMR (125.7 MHz,
DMSO-ds) 6 175.1 (C=S), 148.2, 147.2 (C-4’, C-3""), 145.6 (C=N), 144.5 (C-3”), 140.4 (C-
1), 131.4, 129.1, 125.2 (C-1°, C-57°, C-6"), 120.8 (C-6"), 119.3 (C-2"", C-4>") 115.4 (C-
5%), 114.1 (C-2’) ppm; HRESI-MS m/z calcd. for C14H13N4O4S ([M + H]*): 333.0652,
found: 333.0657.

1-(3’,4’-Dihydroxybenzylidene)-4-(p-nitrophenyl)-3-thiosemicarbazone (61). 4-(p-
Nitrophenyl)-3-thiosemicarbazide (500 mg, 2.36 mmol) and 3,4-
dihydroxyphenylbenzaldehyde (326 mg, 2.36 mmol) were used. Yield: 650 mg (83%). Mp:
199-201 °C. 'H-NMR (300 MHz, DMSO-ds) &: 11.94 (s, 1H, NH), 10.29 (s, 1H, Ar-NH),
9.62 (brs, 1H, OH), 9.10 (brs, 1H, OH), 8.21 (m, 2H, Ar-Ho), 8.08 (s, 1H, N=CH), 8.04 (m,
2H, Ar-Hm), 7.33 (d, 1H, J» = 1.2 Hz, H-2"), 7.11 (dd, 1H, J» ¢= 1.2 Hz, Js s = 8.3 Hz,
H-6") 6.75 (d, Js ¢ = 8.3 Hz, 1H, H-5"). 3C-NMR (125.7 MHz, DMSO-ds) 8: 174.6 (C=S),
148.3 (C-4°), 145.6 (C=N), 145.5 (C-3°), 145.1 (C-1), 143.2 (C-4), 125.0 (C-1°), 123.8 (C-
2, C-6), 123.7 (C-3, C-5), 121.0 (C-6’), 115.5 (C-5"), 114.2 (C-2’) ppm; HRESI-MS m/z
calcd. for C14H13N404S ([M + H]"): 333.0652, found: 333.0653.

1-(4’-Nitrobenzylidene)-4-nitrophenyl-3-thiosemicarbazone  (62).  4-(p-Nitrophenyl)-3-
thiosemicarbazide (500 mg, 2.36 mmol) and p-nitrobenzaldehyde (357.2 mg, 2.36 mmol).
Yield: 786.8 mg (97%). Mp: 240-243 °C. 'H-NMR (300 MHz, DMSO-ds) & 12.38 (s, 1H,
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NH), 10.57 (s, 1H, Ar-NH), 8.26-8.22 (m, 5H, N=C, H-3", H-5", Ar-Hm), 8.16 (m, 2H, H-
2’, H-6"), 6.99 (m, 2H, Ar-Hm) ppm. 3C-NMR (125.7 MHz, DMSO-d6) & 175.9 (CS),
147.9 (C-4’), 145.2 (C=N), 143.7 (C-1), 141.4 (C-4), 140.1 (C-1°) 128.7 (C-2, C-6), 124.9
(C-2>, C-6"), 123.8 (C-3, C-5), 123.7 (C-3’, C-5°) ppm; HRESI-MS m/z calcd. for
C14H1204N5S ([M + H]"): 346.0605, found: 346.0603.

1-(4’-Hydroxybenzylidene)-4-(a-naphthyl)-3-thiosemicarbazone (63). 4-(a-Naphthyl)-3-
thiosemicarbazide 31 (500 mg, 2.30 mmol) and p-hydroxybenzaldehyde (280 mg, 2.30
mmol) were used. Yield: 280 mg (38%). Mp: 180-183 °C. *H-NMR (300 MHz, DMSO-ds)
8§ 11.73 (s, 1H, NH), 10.26 (s, 1H, Ar-NH), 9.92 (s, 1H, OH), 8.11 (s, 1H, N=CH), 7.96—
7.52 (m 7H, naphthyl) 7.75 (m, 2H, H-2’, H-6"), 6.79 (m, 2H, H-3’, H-5") ppm; *C-NMR
(125.7 MHz, DMSO-ds) 177.6 (C=S), 159.6 (C-4), 143.3 (C=N), 135.9 (C-1) 133.9 (C-10),
130.8 (C-5), 129.6 (C-2’, C-6), 128.1 (C-3), 127.0 (C-1"), 126.6 (C-6), 126.2 (C-7), 125.8
(C-9) 125.6 (C-8), 125.3 (C-4), 123.6 (C-2), 115.7 (C-3’, C-5’) ppm; HRESI-MS m/z calcd.
for C1gH16N30S ([M + H]*): 322.1009, found: 322.1009.

1-(3’-4’-Dihydroxybenzylidene)-4-(a-naphthyl)-3-thiosemicarbazone (65). 4-(a-Naphthyl)-
3-thiosemicarbazide 31 (500 mg, 2.30 mmol) and 3,4-dihydroxybenzaldehyde (320 mg,
2.30 mmol) were used. Mp: 180-183 °C. 'H-NMR (300 MHz, DMSO-dg) & 11.68 (s, 1H,
NH), 10.20 (s, 1H, Ar-NH), 9.68 (s, 1H, OH), 8.95 (s, 1H, OH), 8.03 (s, 1H, N=CH), 7.96—
7.47 (m, 7H, H-naphthyl), 7.14 (d, 1H, J» ¢= 1.9 Hz, H-2"), 7.12 (dd, 1H, J> = 1.9 Hz,
Js 6= 8.2 Hz, H-6"), 6.76 (d, Js¢= 8.2 Hz, 1H, H-5) ppm; *C-NMR (125.7 MHz, DMSO-
de) 177.3 (C=S), 147.9 (C-4’), 145.5 (C=N), 143.5 (C-57), 135.7 (C-1) 133.7 (C-10), 130.5
(C-5), 128.0 (C-1"), 126.7 (C-3), 126.3 (C-6), 126.0 (C-7), 125.9 (C-9) 125.6 (C-8), 125.4
(C-4), 123.3 (C-2), 120.6 (C-27), 115.4 (C-3"), 114.2 (C-6) ppm; HRESI-MS m/z calcd. for
C18H16N302S ([M + H]™): 338.0958, found: 338.0959.

General procedure for the preparation of selenosemicarbazones 74, 75.

A solution of selenosemicarbazides 72, 73 (150 mg), the corresponding aromatic aldehyde
(1.0 equiv.) and AcOH (1.0 equiv.) in EtOH (5 mL) was refluxed for 4 h. After cooling to
rt, the products precipitated and were washed with cold EtOH.
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4-(4°-Bromophenyl)-1-(3 ’,4°’-dihydroxybenzylidene)-3-selenosemicarbazone (74). 4-(4’-
Bromophenyl)-3-selenosemicarbazide 72 (150 mg, 0.52 mmol),
3,4.dihydroxybenzaldehyde (70 mg, 0.52 mmol, 1.0 equiv.) and AcOH (30 pL, 0.52 mmol)
were used. Yield: 88 mg (42%). 'H-NMR (300 MHz, DMSO-ds) &: 11.98 (s, 1H, NH),
10.30 (s, 1H, Ar-NH), 9.33 (s, 1H, OH), 8.98 (s, 1H, OH) 8.13 (s, 1H, N=CH), 7.48 (m,
4H, Ar-Ho, Ar-Hm, H-2’, H-6"), 7.34 (d, 1H, J,» 6= 2..2 Hz, H-2"), 7.12 (dd, 1H, J2» 6=
2.2 Hz, H-2"’, Js» 6= 8.2 Hz, H-6"), 6.77 (d, 1H, Js»¢-= 8.2 Hz, H-5") ppm; *C-NMR
(125.7 MHz, DMSO-ds) 8 173.7 (CSe), 148.8 (C-4’), 146.1 (C-3"), 139.8 (C=N), 131.3 (C-
1), 128.9 (C-4), 125.66 (C-2, C-6), 121.5 (C-17), 120.9 (C-6"), 118.5 (C-3, C-5), 116.0 (C-
5°), 114.8 (C-3’) ppm; HRESI-MS m/z calcd. for C12H1,"°BrN3;02%°Se ([M+H]"): 413.9351,
found: 413.9345; m/z calcd. for Ci2H12®'BrNsO®°Se ([M + H]"): 415.9329, found:
415.9330.

4-(4’-1odophenyl)-1-(4’’-methoxybenzylidene)-3-selenosemicarbazone (75). 4-(4’-
lodophenyl)-3-selenosemicarbazide 73 (150 mg, 0.30 mmol), p-anisaldehyde (53 pL, 0.30
mmol, 1.0 equiv.) and AcOH (25 pL, 0.30 mmol) were used. Yield: 33 mg (16%). H-
NMR (300 MHz, DMSO-ds) 6 12.10 (s, 1H, NH), 10.37 (s, 1H, Ar-NH), 8.23 (s, 1H,
N=CH), 7.87 (m, 2H, H-2’, H-6"), 7.72 (m, 2H, Ar-Ho), 7.38 (m, 2H, Ar-Hm), 6.99 (m, 2H,
H-3°, H-5"), 3.81 (s, 3H, CHs) ppm; ®¥C-NMR (125.7 MHz, DMSO-ds) & 173.5 (CSe),
161.1 (C-4""), 144.6 (C=N), 139.8 (C-1°), 136.7 (C-2’, C-6"), 129.6 (C-2"", C-6""), 128.8
(C-3°, C-57), 126.3 (C-177), 114.2 (C-37, C-5""), 90.7 (C-4’), 55.3 (OMe)  ppm; HRESI-
MS m/z calcd. for C1sH14IN3NaO®Se ([M + Na]*): 481.9239, found: 481.9230.
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