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ABSTRACT

Reaction of N,2-diaryldiazene-1-carbohydrazonoyl chlorides 1, 2 with 2-((methylthio)-carbonthioyl)-
hydrazones 7, 12 and 18-21 in absolute ethanol at room temperature in the presence of triethyl-
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amine afforded the corresponding 1,3,4-thiadiazole derivatives 10, 11, 13, 14 and 22-29. Stirring

of N,2-diaryldiazene-1-carbohydrazonoyl chlorides 1-3 with thioanilides 31A-E in acetonitrile at
room temperature in the presence of triethylamine gave the corresponding 1,3,4-thiadiazol-2(3H)-
ylidene derivatives 34-36. The structures of all new compounds 10, 11, 13, 14, 22-29 and 34-36
were identified by elemental analysis and spectral data. Some new synthesized compounds were
studied against Staphylococcus aureus and Escherichia coli and the most potent compounds were
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3-phenyl-5-(phenyldiazenyl)-2-((1-(pyridin-2-yl)ethylidene)hydrazono)-2,3-dihydro-1,3,4-thiadiazole
(13c), 2-((1-(pyridin-2-yl)ethylidene)hydrazono)-3-(p-tolyl)-5-(p-tolyldiazenyl)-2,3-dihydro-1,3,4-thia-
diazole (14c) and 2-(benzo[d]thiazol-2-yl)-2-(3-(p-tolyl)-5-(p-tolyldiazenyl)-1,3,4-thiadiazol-2(3H)-yli-

dene)-acetonitrile (35C).
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Introduction

Despite a large amount of literature!’''! on formazans, little

attention has been reported on the use of chloroformazans
in heterocyclic synthesis of containing
pounds.” ! It is well known that thiadiazole derivatives
were formed via reactions of hydrazonoyl halides with
potassium thiocyanate'>"'®) or thiosemicarbazide and its
aryl derivatives!'”! or carbon disulfide,!*®! and from reaction
of N-benzylidenebenzohydrazonoyl chloride with potassium
ethyl xanthate,''”) N-phenylbenzohydrazonoyl chloride with

sulfur com-

phenylisothiocyanate,?*~** in addition to coupling of aroyl-

dimethylsulfonium bromides with N-nitroso-N-arylaceta-
mide.”*?*! Many substituted 1,3,4-thiadiazole derivatives
exhibit wide range of biological activities such as antimicro-
bial, antituberculosis, antiviral, anti-inflammatory, anti-
cancer, antidiabetic and anticonvulsant activities.!*” Also, 2-
arylazo-1,3,4-thiadiazolines were prepared from reaction of
chloroformazans with potassium thiocyanate.”! In continu-
ation of our work concerning the synthesis of heterocyclic
compounds containing sulfur. Here, we wish to report a
convenient synthetic procedure for the synthesis of 5-
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Scheme 1. Synthesis of 1,3,4-thiadiazoles 10,11.

phenyldiazenyl-1,3,4-thiadiazole derivatives via reaction of
chloroformazans with methyl hydrazinecarbodithioate or
with thioanilides. To our knowledge, the latter products
have not yet been reported in literature.

Results and discussion

Reaction
12126-30]

of 2-((methylthio)carbonthioyl)hydrazones 7,
with N,2-diaryldiazene-1-carbohydrazonoyl chlorides
1, 2 at room temperature in absolute ethanol in the presence
of triethylamine afforded the corresponding 1,3,4-thiadiazole
derivatives 10, 11, 13, 14 (Schemes 1 and 2). The latter prod-
ucts 10, 11, 13, 14 were prepared by alternative methods via
treatment of 2-hydrazono-3-aryl-5-(aryldiazenyl)-2,3-dihy-
dro-1,3,4-thiadiazoles 8, 9 with the appropriate aldehydes or
ketones in 2-propanol in the presence of few drops of hydro-
chloric acid at reflux (Schemes 1 and 2).

Moreover, the 1,3,4-thiadiazole products 10, 11, 13, 14
were obtained via reaction of 3-nitro-1,5-diarylformazans 4,
581 with 2-((methylthio)carbonthioyl)hydrazones 7, 12 in
absolute ethanol in the presence of triethylamine (Schemes 1
and 2). The structures of isolated products were established

10,11

Ar:
a, 2-Thienyl
b, 2-Furyl

by their spectral and elemental analyses (see Experimental).
For example, '"H NMR spectrum of compound 14c showed
signals: three singlet at 6 2.43, 2.46 (2CH; groups) and 2.60
(CH; group) in addition to multiplet signal at 6 7.26-8.64
corresponding to 12 aromatic protons. Its C NMR spec-
trum showed 19 signals for asymmetric carbon atoms. Also,
its mass spectrum showed the molecular ion peak at m/
z=427. The reaction involved initially the formation of the
intermediate cycloadduct 17 which underwent in situ elim-
ination of methyl mercaptan to give 10, 11, 13, 14 as end
products (Scheme 3). Alternatively, the reaction involved
first the formation of the thiohydrazonate ester 16 which
underwent cyclization followed by elimination of methyl
mercaptan (Scheme 3).

Analogously, methyl cyclocarbodithioates 18-211**%! were
reacted with N,2-diaryldiazene-1-carbohydrazonoyl chlorides 1,
2 or 3-nitro-1,5-diarylformazans 4, 5 in absolute ethanol at
room temperature in the presence of triethylamine afforded the
corresponding 1,3,4-thiadiazole derivatives 22-29 (Scheme 4).
Elemental and spectral data verified the structures of the latter
products (see Experimental). For example "H NMR spectrum
of compound 29 showed signals: two singlet at ¢ 2.43, 2.47
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Scheme 2. Synthesis of 1,3,4-thiadiazoles 13,14.

(2CHj; groups) and two triplet at  2.84, 2.97 (2CH, groups) in
addition to multiplet signals at 6 1.94-1.98 and 7.17-8.37 corre-
sponding to CH, group of tetralone moiety and 12 aromatic
protons, respectively. Its >°C NMR spectrum showed 22 signals
for asymmetric carbon atoms. Also, its mass spectrum showed
the molecular ion peak at m/z = 452.

Stirring of thioanilides 31A-E**% with N,2-diaryldiazene-
1-carbohydrazonoyl chlorides 1-3 in acetonitrile at room tem-
perature in the presence of triethylamine gave, in each case, one
isolable product (Scheme 5). The structures of the isolated prod-
ucts were proved to be 34-36 on the basis of both elemental
and spectral data (MS, IR, NMR) (see Experimental). For
example, IR spectrum of compound 35A showed characteristic
band at v 1668 cm ™" assignable to C = O stretching frequency.
Its "H NMR spectrum showed signals: four singlet at § 0.98
(2CH; groups), 2.30 (2CH, groups), 2.50 and 2.52 (2CHj;
groups) in addition to multiplet signal at 6 7.27-7.95 corre-
sponding to 8 aromatic protons. Also, its C NMR spectrum
showed 17 signals for asymmetric carbon atoms.

The reaction involved initially the formation of the inter-
mediate cycloadduct 33 which underwent in situ elimination of
aniline molecule to give 34-36 as end products (Scheme 5).
Alternatively, the reaction involved first the formation of the
thiohydrazonate ester 32 which underwent cyclization followed
by elimination of aniline molecule (Scheme 5). These two sug-
gested pathways were consistent with other literature reports on
reactions of hydrazonoyl halide with thioanilides.**~*"’

Antibacterial screening

The antibacterial activities of new synthesized compounds were
studied by the disk diffusion method. The antibacterial activities
were done on the following pathogenic organisms; the gram-
positive bacteria Staphylococcus aureus, the gram negative bac-
teria Escherichia coli. The synthesized compounds were used at
the concentration of 20 mg/mL using DMSO as a solvent. The
Ampicillin and Gentamicin 10 uL/disk was used as a standard
antibacterial agent. All tested compounds showed no
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antibacterial activities except compounds 3-phenyl-5-(phenyldia-
zenyl)-2-((1-(pyridin-2-yl)ethylidene)hydrazono)-2,3-dihydro-
1,3,4-thiadiazole (13c), 2-((1-(pyridin-2-yl)ethylidene)hydra-
zono)-3-(p-tolyl)-5-(p-tolyldiazenyl)-2,3-dihydro-1,3,4-thia-
diazole (14c) and 2-(benzo[d]thiazol-2-yl)-2-(3-(p-tolyl)-5-(p-
tolyldiazenyl)-1,3,4-thiadiazol-2(3H)-ylidene)-acetonitrile (35C)
(Table S1 Supporting Information). Compound (14c) showed
high potentiality in growth inhibition of tested microorganism
(S. aureus) with relative activity of standard antibiotic
of 137.7%.

In vitro susceptibility tests were performed to evaluate
minimum inhibitory concentration (MIC) was measured by
a broth dilution method."*""*! MIC values were deter-
mined for the highly efficient antibacterial compounds
using the most sensitive microorganisms. Compound 14c
achieved the lowest MIC values (high efficient derivative)
against the sensitive bacterial strain S.aureus with MIC
value 125ug/mL, followed by compound 13c with MIC
value 250 pg/mL.

Experimental

Melting points were measured with a Stuart melting point
apparatus and are uncorrected. The IR spectra were
recorded using a FTIR Bruker-vector 22 spectrophotometer
as KBr pellets. The '"H and >C NMR spectra were recorded
in CDCl; or DMSO-dg as solvent on Varian Gemini NMR
spectrometer at 300 MHz and 75 MHz, respectively, using
TMS as internal standard. Chemical shifts are reported as ¢
values in ppm. Mass spectra were recorded with a Shimadzu
GCMS-QP-1000 EX mass spectrometer in EI (70eV)
model. The elemental analyses and the in vitro antimicrobial
testing were performed at the Microanalytical Center, Cairo
University. The agar disk diffusion method and a panel of
standard strains (S. aureus ATCC 6538, E. coli ATCC 9637)
were employed (Table S1 Supporting Information). The 2-
((methylthio)carbon-thioyl)hydrazones 7, 12128301 and
18-21P%% and thioanilides 31A-E*~”) were prepared
using the reported procedures. The Supporting Information
contains sample '"H and 'C NMR spectra for the products
(Supporting Information Figures S1-S20).

Synthesis of 3-aryl-5-(aryldiazenyl)-2,3-dihydro-1,3,4-thia-
diazoles (10, 11, 13, 14 and 22-29)

Method A. A mixture of N,2-diaryldiazene-1-carbohydrazo-
noyl chlorides 1, 2 (5mmol) and the appropriate 2-((methyl-
thio)carbonthioyl)hydrazones 7, 12 and 18-21 (5 mmol) was
dissolved in absolute ethanol (50 mL). To the resulting solu-
tion triethylamine (2 mL) was added and reaction mixture was
stirred for 6h at room temperature. The resulting solid prod-
uct that precipitated was collected, washed with ethanol and
crystallized from a suitable solvent to give the corresponding
1,3,4-thiadiazole derivatives 10, 11, 13, 14 and 22-29.

Method B. Stirring of methyl hydrazinecarbodithioate 6
(0.61g, 5mmol) with N,2-diaryldiazene-1-carbohydrazonoyl
chlorides 1, 2 (5mmol) in absolute ethanol (50 mL) in the
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Scheme 3. A plausible mechanism for the formation 1,3,4-thiadiazole derivatives 10,11,13,14.

presence of triethylamine (2mL) at room temperature. The
solid product of 2-hydrazono-3-aryl-5-(aryldiazenyl)-2,3-
dihydro-1,3,4-thiadiazoles 8, 9 was collected, washed with
ethanol and crystallized from a suitable solvent. Refluxing of
the appropriate aldehydes or ketones (5mmol) with the
resulted compounds 8, 9 (5mmol) in 2-propanol in the
presence of few drops of hydrochloric acid for 4h. The
resulting solid was collected, washed with ethanol and crys-
tallized from a suitable solvent to give the corresponding
1,3,4-thiadiazole derivatives 10, 11, 13, 14 and 22-29.

Method C. A mixture of 3-nitro-1,5-diarylformazans 4, 5
(5mmol) and the appropriate 2-((methylthio)carbon-
thioyl)hydrazones 7, 12 and 18-21 (5mmol) was dis-
solved in absolute ethanol (50mL). To the resulting
solution triethylamine (2mL) was added and reaction
mixture was stirred for 6h at room temperature. The
resulting solid product that precipitated was collected,
washed with ethanol and crystallized from a suitable

solvent to give the corresponding 1,3,4-thiadiazole deriva-
tives 10, 11, 13, 14 and 22-29.
2-Hydrazono-3-phenyl-5-(phenyldiazenyl)-2,3-dihydro-1,
3,4-thiadiazole (8) Black crystals, mp 200-202°C (DMEF),
Yield (72%); IR (Vpmaxs cm™ ') v 3420, 3483(NH,); '"H NMR
(300 MHz, CDCL3) 6 6.01 (s, 2H, NH,) and 7.14-7.93 (m,
10H); *C NMR (75MHz, CDCly) § 120.9, 122.6, 123.5,
128.8, 128.9, 129.7, 138.5, 147.6, 149.6, 166.7; MS (EI, 70eV)
m/z (%): 296 (M, 0.14), 105 (19.01), 77 (100), 51 (16.67);
Anal. Calcd. for C4H,NgS (296.4): C, 56.74; H, 4.08; N,
28.36; S, 10.82. Found: C, 56.67; H, 4.16; N, 28.29; S, 10.75.
2-Hydrazono-3-(p-tolyl)-5-(p-tolyldiazenyl)-2,3-dihydro-1,
3,4-thiadiazole (9) Dark brown crystals, mp 284-286°C
(DMF), Yield (67%); IR (Vo cm ™) v 3418, 3480 (NH,);
'"H NMR (300 MHz, CDCl;) 6 2.38 (s, 3H, CH;), 2.40 (s,
3H, CHj;), 6.01 (s, 2H, NH,) and 7.29-7.80 (m, 8H); °C
NMR (75MHz, CDCl;) 6 21.1, 21.3, 121.5, 128.6, 129.2,
129.9, 131.4, 135.6, 138.6, 144.8, 149.5, 166.6; MS (EI, 70¢eV)
m/z (%): 324 (M, 16.24), 119 (13.62), 91 (100), 65 (14.57);
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Anal. Calcd. for CgH¢NgS (324.4): C, 59.24; H, 4.97; N,
25.91; S, 9.88. Found: C, 59.36; H, 4.91; N, 25.97; S, 9.82.
3-Phenyl-5-(phenyldiazenyl)-2-((thiophen-2-ylmethylene)
hydrazono)-2,3-dihydro-1,3,4-thiadiazole (10a) Dark red
crystals, mp 200-202°C (DMF), Yield (80%); 'H NMR
(300 MHz, CDCl;) ¢ 7.11-7.96 (m, 14H); '*C NMR (75 MHz,
CDCl,) 6 120.7, 122.6, 123.3, 126.1, 127.3, 128.6, 128.7, 128.9,
129.6, 138.4, 138.5, 142.3, 147.8, 158.5, 166.6; MS (EI, 70eV)
m/z (%): 390 (M1, 31.3), 105 (25.1), 96 (21.1), 77 (100), 51
(10.7); Anal. Calcd. for C;oH,;4NgS, (390.5): C, 58.44; H, 3.61;
N, 21.52; S, 16.42. Found: C, 58.36; H, 3.54; N, 21.43; S, 16.35.
2-((Furan-2-ylmethylene)hydrazono)-3-phenyl-5-(phenyl-
diazenyl)-2,3-dihydro-1,3,4-thiadiazole (10b) Dark red crys-
tals, mp 190-192°C (CH;CN), Yield (71%); 'H NMR
(300 MHz, CDCl3) 6 6.62-8.21 (m, 14H); '>C NMR (75 MHz,
CDCl;) 6 112.8, 118.9, 120.8, 122.4, 123.2, 128.7, 128.9, 129.5,
138.4, 144.4, 147.9, 149.1, 158.3, 163.7, 166.4; MS (EIL, 70eV)
m/z (%): 374 (M, 34.9), 105 (11.6), 77 (100), 52 (23.0); Anal.
Caled. for C;oH,,N4OS (374.4): C, 60.95; H, 3.77; N, 22.45; S,
8.56. Found: C, 60.88; H, 3.69; N, 22.53; S, 8.49.
2-((Thiophen-2-ylmethylene)hydrazono)-3-(p-tolyl)-5-(p-
tolyldiazenyl)-2,3-dihydro-1,3,4-thiadiazole (11a) Dark red
crystals, mp 186-188°C (DMF), Yield (71%); 'H NMR
(300 MHz, CDCL3) & 2.32 (s, 3H, CH;), 2.34 (s, 3H, CH,)
and 7.23-7.95 (m, 12H); '>’C NMR (75 MHz, CDCl5) § 21.3,
21.4, 121.3, 126.2, 127.2, 128.5, 128.7, 129.0, 129.8, 131.2,
135.4, 138.3, 138.4, 142.2, 144.9, 158.3, 166.4; MS (EI, 70eV)
m/z (%): 418 (M™', 75.9), 119 (9.2), 91 (100), 65 (28.1);

Anal. Calcd. for C,;HsNgS, (418.5): C, 60.26; H, 4.34; N,
20.08; S, 15.32. Found: C, 60.32; H, 4.25; N, 20.15; S, 15.24.
2-((Furan-2-ylmethylene)hydrazono)-3-(p-tolyl)-5-(p-tol-
yldiazenyl)-2,3-dihydro-1,3,4-thiadiazole (11b) Dark red
crystals, mp 205-207°C (CH;CN), Yield (73%); 'H NMR
(300 MHz, CDCl3) 6 2.43 (s, 3H, CH3), 2.47 (s, 3H, CH;)
and 6.51-8.38 (m, 12H); '>*C NMR (75 MHz, CDCl;) & 20.9,
21.6, 111.8, 112.6, 113.7, 1229, 123.8, 123.9, 129.3, 129.9,
136.9, 140.2, 144.1, 144.7, 149.8, 150.0, 164.7; Anal. Calcd.
for CyH,sN4OS (402.5): C, 62.67; H, 4.51; N, 20.88; S, 7.97.
Found: C, 62.60; H, 4.45; N, 20.80; S, 7.89.
3-Phenyl-5-(phenyldiazenyl)-2-((1-(thiophen-2-yl)ethylidene)
hydrazono)-2,3-dihydro-1,3,4-thiadiazole (13a) Black crystals,
mp 188-190°C (DMF), Yield (70%); 'H NMR (300 MHz,
DMSO-dg) & 2.51 (s, 3H, CHs) and 7.14-7.99 (m, 13H); '°C
NMR (75MHz, DMSO-dg) 6 16.1, 122.7, 124.0, 127.7, 128.4,
129.3, 129.6, 130.1, 1304, 1342, 1394, 143.2, 151.7, 157.2,
161.6, 162.7; Anal. Calcd. for CyoH ¢NgS, (404.5): C, 59.39; H,
3.99; N, 20.78; S, 15.85. Found: C, 59.29; H, 3.90; N, 20.71;
S, 15.79.
2-((1-(Furan-2-yl)ethylidene)hydrazono)-3-phenyl-5-(phe-
nyldiazenyl)-2,3-dihydro-1,3,4-thiadiazole (13b) Dark red
crystals, mp 192-194°C (DMF), Yield (68%); 'H NMR
(300 MHz, CDCly) § 2.84 (s, 3H, CH;) and 6.50-8.05 (m,
13H); °C NMR (75 MHz, CDCl;) 6 12.8, 109.3, 109.9, 120.6,
122.6, 123.4, 128.7, 128.8, 129.3, 138.7, 141.9, 142.3, 147.7,
158.1, 164.7, 166.8; MS (EL 70eV) m/z (%): 388 (M™, 29.3),
105 (23.2), 94 (11.4), 77 (100), 66 (17.3); Anal. Calcd. for
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CooH 6NOS (388.4): C, 61.84; H, 4.15; N, 21.64; S, 8.25.
Found: C, 61.77; H, 4.07; N, 21.58; S, 8.19.
3-Phenyl-5-(phenyldiazenyl)-2-((1-(pyridin-2-yl)ethylide-
ne)hydrazono)-2,3-dihydro-1,3,4-thiadiazole (13c) Dark red
crystals, mp 206-208°C (DMF), Yield (64%); 'H NMR
(300 MHz, CDCL;) & 2.62 (s, 3H, CH,) and 7.27-8.65 (m,
14H); *C NMR (75MHz, CDCl;) ¢ 14.5, 121.3, 122.1,
123.9, 126.8, 128.7, 128.8, 129.4, 133.0, 136.1, 139.5, 148.6,
151.7, 155.7, 158.5, 161.9, 164.8; Anal. Calcd. for C,;H,;N,S
(399.5): C, 63.14; H, 4.29; N, 24.54; S, 8.03. Found: C, 63.07;
H, 4.20; N, 24.46; S, 8.12.
3-Phenyl-5-(phenyldiazenyl)-2-((1-(pyridin-4-yl)ethylide-
ne)hydrazono)-2,3-dihydro-1,3,4-thiadiazole (13d) Dark red
crystals, mp 222-224°C (DMF), Yield (76%); 'H NMR
(300 MHz, CDCly) & 2.93 (s, 3H, CH,) and 7.12-8.68 (m,
14H); C NMR (75MHz, CDCly) & 14.2, 120.5, 122.3,

123.4, 124.0, 127.4, 128.7, 128.9, 129.6, 138.3, 138.4, 147.8,
149.5, 158.4, 166.5; MS (EL, 70 eV) m/z (%): 399 (M, 29.6),
105 (25.5), 77 (100); Anal. Calcd. for C,;H;,N-S (399.5): C,
63.13; H, 4.29; N, 24.54; S, 8.03. Found: C, 63.04; H, 4.21;
N, 24.48; S, 8.11.

Ethyl  2-((3-phenyl-5-(phenyldiazenyl)-1,3,4-thiadiazol-
2(3H)-ylidene)hydrazono)propanoate (13e) Red crystals,
mp 148-150°C (CH;CN), Yield (63%); IR (Vmap cm ™ ') v
1705 (CO); '"H NMR (300 MHz, DMSO-dy) 6 1.31 (t, 3H,
CH3;), 2.30 (s, 3H, CHj3), 4.27 (q, 2H, CH;) and 7.44-8.07
(m, 10H); ">C NMR (75 MHz, DMSO-d¢) 6 14.6, 15.3, 61.6,
123.2, 124.2, 128.2, 129.6, 130.5, 134.6, 139.0, 151.6, 154.0,
162.7, 164.6, 167.6; Anal. Calcd. for C;oH;sN¢O,S (394.5):
C, 57.85; H, 4.60; N, 21.31; S, 8.13. Found: C, 57.79; H, 4.54;
N, 21.23; S, 8.05.



2-(((1-(Thiophen-2-yl)ethylidene)hydrazono)-3-(p-tolyl)-
5-(p-tolyldiazenyl)-2,3-dihydro-1,3,4-thiadiazole (14a) Black
crystals, mp 190-192°C (DMF), Yield (70%); 'H NMR
(300 MHz, CDCls) 6 2.40 (s, 3H, CH3), 2.43 (s, 3H, CHs),
2.48 (s, 3H, CH;) and 7.07-8.06 (m, 11H); “C NMR
(75MHz, CDCly) & 15.1, 20.9, 21.3, 121.7, 124.0, 125.7,
127.4, 128.4, 129.1, 129.6, 131.3, 134.5, 138.7, 143.9, 151.7,
157.8, 161.4, 163.7; MS (EL, 70eV) m/z (%): 432 (M™, 28.8),
119 (15.3), 110 (13.1), 91 (100), 65 (15.4); Anal. Calcd. for
CpoHaoNeS, (432.6): C, 61.09; H, 4.66; N, 19.43; S, 14.82.
Found: C, 61.16; H, 4.60; N, 19.34; S, 14.76.

2-((1-(Furan-2-yl)ethylidene)hydrazono)-3-(p-tolyl)-5-(p-
tolyldiazenyl)-2,3-dihydro-1,3,4-thiadiazole =~ (14b) Black
crystals, mp 168-170°C (CH;CN), Yield (79%); '"H NMR
(300 MHz, CDCl;) & 2.41 (s, 3H, CHj), 2.45 (s, 3H, CH,),
2.84 (s, 3H, CH;) and 6.50-8.05 (m, 11H); °C NMR
(75MHz, CDCl;) 6 12.2, 21.1, 21.3, 109.3, 109.8, 120.6,
121.6, 128.8, 129.1, 129.8, 135.5, 138.6, 141.8, 142.4, 144.7,
158.2, 164.7, 166.9; MS (EI, 70eV) m/z (%): 416 (M+, 100),
91 (67.5), 65 (19.0); Anal. Calcd. for C,,H,(N¢OS (416.5): C,
63.44; H, 4.84; N, 20.18; S, 7.70. Found: C, 63.38; H, 4.91;
N, 20.23; S, 7.79.

2-((1-(Pyridin-2-yl)ethylidene)hydrazono)-3-(p-tolyl)-5-
(p-tolyldiazenyl)-2,3-dihydro-1,3,4-thiadiazole (14c) Dark
red crystals, mp 192-194°C (DMF), Yield (68%); '"H NMR
(300 MHz, CDCly) & 2.43 (s, 3H, CHs), 2.46 (s, 3H, CH,),
2.60 (s, 3H, CH;) and 7.26-8.64 (m, 12H); *C NMR
(75MHz, CDCl;) 6 14.4, 21.0, 21.7, 121.2, 122.0, 123.9,
125.8, 129.0, 130.0, 135.0, 136.6, 137.1, 144.2, 148.6, 149.9,
155.8, 161.5, 162.2, 164.7; MS (EL, 70€eV) m/z (%): 427 (M,
62.2), 91 (100), 78 (26.8), 65 (25.5); Anal. Calcd. for
C,3H, NS (427.5): C, 64.61; H, 4.92; N, 22.93; S, 7.50.
Found: C, 64.52; H, 4.84; N, 22.85; S, 7.56.

2-((1-(Pyridin-4-yl)ethylidene)hydrazono)-3-(p-tolyl)-5-
(p-tolyldiazenyl)-2,3-dihydro-1,3,4-thiadiazole (14d) Dark
red crystals, mp 220-222°C (DMF), Yield (76%); 'H NMR
(300 MHz, CDCl;) ¢ 2.43 (s, 3H, CH3), 2.44 (s, 3H, CHj),
246 (s, 3H, CH;) and 7.27-8.67 (m, 12H); >C NMR
(75MHz, CDCl;) 6 14.3, 21.2, 21.5, 121.3, 124.2, 127.3,
128.7, 128.9, 129.1, 129.7, 135.6, 138.2, 138.3, 144.7, 149.7,
158.5, 166.8; Anal. Calcd. for C,3H, NS (427.5): C, 64.62;
H, 4.95; N, 22.93; S, 7.50. Found: C, 64.56; H, 4.89; N,
22.88; S, 7.57.

Ethyl-2-((3-(p-tolyl)-5-((p-tolyldiazenyl)-1,3,4-thiadiazol-
2(3H)-ylidene)hydrazono)propanoate (14e) Red crystals,
mp 176-178°C (CH5CN), Yield (85%); IR (Vmaw cm™ ') v
1707 (CO); 'H NMR (300 MHz, CDCls) 6 1.39 (t, 3H, CH3),
2.28 (s, 3H, CH3), 2.43 (s, 3H, CH3), 2.47 (s, 3H, CH3), 4.34
(g, 2H, CH,) and 7.27-8.00 (m, 8H); ’C NMR (75 MHz,
CDCl;) 6 139, 15.1, 21.0, 21.3, 61.4, 121.3, 128.7, 129.0,
129.8, 131.6, 135.2, 138.5, 144.6, 154.0, 158.7, 163.4, 166.6;
MS (EL, 70eV) m/z (%): 422 (M™, 24.9), 119 (17.3), 91
(100), 65 (13.2); Anal. Calcd. for C,;H,,NO,S (422.5): C,
59.70; H, 5.25; N, 19.89; S, 7.59. Found: C, 59.79; H, 5.17;
N, 19.80; S, 7.51.

3-((3-Phenyl-5-(phenyldiazenyl)- 1,3,4-thiadiazol-2(3H)-
ylidene)hydrazono)indolin-2-one (22) Dark red crystals, mp
338-340°C (DMF), Yield (73%); 'H NMR (300 MHz,
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CDCl3) § 7.12-7.91 (m, 14H) and 10.03 (s, 1H, NH); *C
NMR (75 MHz, CDCl;) 6 117.5, 119.3, 120.7, 122.2, 123.5,
124.6, 128.8, 128.9, 129.1, 129.3, 131.4, 138.1, 138.5, 141.4,
147.7, 158.5, 166.2, 169.2; MS (EI, 70eV) m/z (%): 425 (M™,
33.7), 131 (10.5), 105 (22.7), 77 (100); Anal. Calcd. for
CpHsN,0S (425.5): C, 62.11; H, 3.55; N, 23.04; S, 7.54.
Found: C, 62.20; H, 3.47; N, 23.12; S, 7.48.
3-((3-(p-Tolyl)-5-(p-tolyldiazenyl)-1,3,4-thiadiazol-2(3H)-
ylidene)hydrazono)indolin-2-one (23) Dark red crystals, mp
282-284°C (DMF), Yield (80%); "H NMR (300 MHz, CDCl,)
0 2.39 (s, 3H, CH3), 2.41 (s, 3H, CH3), 7.29-7.92 (m, 12H)
and 10.02 (s, 1H, NH); *C NMR (75MHz, CDCl;) 6 21.1,
21.5, 117.6, 119.7, 120.5, 121.5, 123.4, 124.8, 128.3, 129.2,
1294, 131.3, 135.6, 138.1, 138.3, 141.3, 144.7, 158.2, 166.5,
169.1; Anal. Calcd. for C,4,H,oN,OS (453.5): C, 63.56; H, 4.22;
N, 21.62; S, 7.07. Found: C, 63.49; H, 4.16; N, 21.55; S, 7.14.
2-(Cyclopentylidenehydrazono)-3-phenyl-5-(phenyldiazenyl)-
2,3-dihydro-1,3,4-thiadiazole (24) Dark red crystals, mp
196-198°C (DMF), Yield (73%); "H NMR (300 MHz, CDCl,)
J 1.69-1.83 (m, 4H, 2CH,), 2.58 (t, 4H, 2CH,) and 7.27-8.21
(m, 10H); °C NMR (75MHz, CDCL,) & 24.7, 32.9, 38.8, 120.5,
122.6, 123.4, 128.5, 129.4, 138.1, 147.6, 158.2, 164.8, 166.4; MS
(EL, 70eV) m/z (%): 362 (M*, 100), 105 (12.4), 77 (89.6); 51
(11.2); Anal. Caled. for C;oH NS (362.5): C, 62.96; H, 5.01; N,
23.19; S, 8.85. Found: C, 62.89; H, 5.10; N, 23.11; S, 8.78.
2-(Cyclopentylidenehydrazono)-3-(p-tolyl)-5-(p-tolyldia-
zenyl)-2,3-dihydro-1,3,4-thiadiazole (25) Red crystals, mp
190-192°C (DMF), Yield (75%); 'H NMR (300 MHz,
CDCl;) & 1.82-1.87 (m, 4H, 2CH,), 2.40 (s, 3H, CHs), 2.45
(s, 3H, CH,), 2.61 (t, 4H, 2CH,) and 7.26-8.00 (m, 8H); 1*C
NMR (75 MHz, CDCls) 6 20.8, 21.2, 24.9, 32.6, 121.5, 128.4,
129.4, 129.9, 131.0, 135.3, 138.3, 144.6, 158.2, 164.8, 166.3;
MS (EL, 70eV) m/z (%): 390 (M*, 21.5), 119 (16.4), 91
(100), 65 (12.8); Anal. Calcd. for C,;H,,NgS (390.5): C,
64.59; H, 5.68; N, 21.52; S, 8.21. Found: C, 64.51; H, 5.61;
N, 21.60; S, 8.15.
2-(Cyclohexylidenehydrazono)-3-phenyl-5-(phenyldiazenyl)-
2,3-dihydro-1,3,4-thiadiazole ~ (26) Red  crystals, mp
148-150°C (CH,CN), Yield (70%); 'H NMR (300 MHz,
CDCly) § 1.69-1.78 (m, 6H, 3CH,), 2.46 (t, 4H, 2CH,) and
7.27-8.18 (m, 10H); >*C NMR (75 MHz, CDCl;) d 26.1, 26.6,
27.5, 29.5, 121.9, 123.8, 126.4, 128.8, 129.3, 132.8, 139.7, 140.2,
151.8, 169.8; Anal. Calcd. for Cy0H,oNgS (376.5): C, 63.81; H,
5.35; N, 22.32; S, 8.52. Found: C, 63.89; H, 528; N, 22.24;
S, 8.45.
2-(Cyclohexylidenehydrazono)-3-(p-tolyl)-5-(p-tolyldia-
zenyl)-2,3-dihydro-1,3,4-thiadiazole (27) Red crystals, mp
160-162°C (CHsCN), Yield (67%); 'H NMR (300 MHz,
CDCls) § 1.72-1.86 (m, 6H, 3CH,), 2.44 (s, 3H, CHs), 2.47
(s, 3H, CH3), 2.70 (t, 4H, 2CH,) and 7.25-7.90 (m, 8H); *C
NMR (75 MHz, CDCl;) 6 21.0, 21.2, 25.8, 27.3, 28.8, 121.5,
128.4, 129.2, 129.9, 131.8, 135.7, 138.9, 144.2, 159.1, 161.7,
166.8; Anal. Calcd. for C,,H,4NgS (404.5): C, 65.32; H, 5.98;
N, 20.77; S, 7.93. Found: C, 65.26; H, 5.91; N, 20.69; S, 7.87.
2-((3,4-Dihydronaphthalen-1(2H)-ylidene)hydrazono)-3-
phenyl-5-(phenyldiazenyl)-2,3-di-hydro-1,3,4-thiadiazole
(28) Dark red crystals, mp 180-182°C (DMF + CH;CN),
Yield (81%); '"H NMR (300 MHz, CDCl;) § 1.96-1.99 (m,
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2H, CH,), 2.85 (t, 2H, CH,), 298 (t, 2H, CH,) and
7.16-8.38 (m, 14H); *C NMR (75MHz, CDCl;) ¢ 20.8,
24.3, 29.6, 120.5, 122.5, 123.3, 124.4, 126.2, 128.1, 128.4,
128.5, 128.7, 129.7, 131.4, 138.5, 138.9, 147.8, 158.7, 164.7,
166.6; Anal. Calcd. for C,,H,0NgS (424.5): C, 67.90; H, 4.75;
N, 19.80; S, 7.55. Found: C, 67.97; H, 4.68; N, 19.87; S, 7.59.

2-((3,4-Dihydronaphthalen-1(2H)-ylidene)hydrazono)-3-
(p-tolyl)-5-(p-tolyldiazenyl)-2,3-di-hydro-1,3,4-thiadiazole
(29) Dark red crystals, mp 198-200°C (DMEF), Yield (81%);
'H NMR (300 MHz, CDCl3) 6 1.94-1.98 (m, 2H, CH,), 2.43
(s, 3H, CH,), 2.47 (s, 3H, CH,), 2.84 (t, 2H, CH,), 2.97 (4,
2H, CH,) and 7.17-8.37 (m, 12H); °C NMR (75MHz,
CDCly) 6 21.1, 21.7, 22.2, 28.1, 30.0, 122.0, 122.3, 123.9,
125.8, 126.4, 128.6, 129.9, 130.1, 132.2, 136.5, 137.2, 140.7,
144.1, 150.0, 160.8, 162.2, 163.4; MS (EI, 70eV) m/z (%):
452 (M™*, 51.4), 91 (100), 65 (19.5); Anal. Calcd. for
CoeHuNGS (452.6): C, 69.00; H, 5.35; N, 18.57; S, 7.08.
Found: C, 69.08; H, 5.41; N, 18.49; S, 7.16.

Synthesis of 1,3,4-thiadiazol-2(3H)-ylidene deriva-
tives (34-36)
These compounds were prepared by the same procedure
described for the preparation of thiadiazole derivatives 10, 11,
13, 14 and 22-29 (Method A) using thioanilides 31A-E
(5mmol) in place of 2-((methylthio)carbonthioyl)hydrazones 7,
12 and 18-21 in acetonitrile (50 mL). The resulting solid prod-
uct that precipitated was collected, washed with ethanol and
crystallized from a suitable solvent to afford the corresponding
1,3,4-thiadiazole derivatives 34-36. The products 34-36 pre-
pared together with their physical constants are listed below:
5,5-Dimethyl-2-(3-phenyl-5-(phenyldiazenyl)-1,3,4-thia-
diazol-2(3H)-ylidene)cyclohexane-1,3-dione (34A) Red crys-
tals, mp 188-190°C (EtOH), yield (70%); IR (Viax» cm™ ') v/
1664 (CO); '"H NMR (300 MHz, DMSO-ds) § 0.97 (s, 6H,
2CH;), 2.30 (s, 4H, 2CH,) and 7.20-7.95 (m, 10H); '°C
NMR (75MHz, DMSO-dg) 6 27.9, 30.7, 50.9, 105.3, 123.2,
124.6, 129.7, 131.3, 138.5, 141.4, 146.8, 149.5, 162.6, 167.4,
192.6; MS (EL, 70eV) m/z (%): 404 (M*,9.9),105 (47.0), 77
(100); Anal. Caled. for C,,H,oN,O,S (404.5): C, 65.33; H,
4.98; N, 13.85; S, 7.93. Found: C, 65.42; H, 4.87; N, 13.92;
S, 8.02.
2-(3-Phenyl-5-(phenyldiazenyl)-1,3,4-thiadiazol-2(3H)-
ylidene)-1H-indene-1,3(2H)-dione (34B) Red crystals, mp
284-286°C (DMF), yield (82%); IR (Vmao cm ™)) v 1648
(CO); '"H NMR (300 MHz, CDCl;) ¢ 7.27-8.07 (m, 14H);
>C NMR (75MHz, CDCl;) § 112.3, 119.6, 120.6, 122.7,
127.1, 128.6, 128.9, 129.8, 135.3, 140.2, 146.4, 147.7, 149.6,
166.7, 190.6; MS (EL, 70eV) m/z (%): 410 (M, 27.7), 248
(3.2), 105 (28.19), 77 (100); Anal. Calcd. for Cy3H 4N4O5S
(410.5): C, 67.30; H, 3.44; N, 13.65; S, 7.81. Found: C, 67.22;
H, 3.35; N, 13.56; S, 7.70.
2-(Benzo[d]thiazol-2-yl)-2-(3-phenyl-5-(phenyldiazenyl)-
1,3,4-thiadiazol-2(3H)-ylidene)-acetonitrile  (34C) Dark
brown crystals, mp 340-342°C (DMF), yield (81%); IR
(Vmaxs €M™ 1) v 2186 (CN); 'H NMR (300 MHz, CDCl;) §
7.12-8.14 (m, 14H); *C NMR (75 MHz, CDCl;) J 83.3,
118.9, 119.6, 120.5, 121.4, 122.7, 124.6, 124.7, 125.1, 128.7,
128.8, 129.9, 136.4, 146.5, 147.7, 149.6, 153.7, 160.6, 166.8;

MS (EL 70eV) m/z (%): 438 (M™, 13.9), 105 (24.35), 77
(100); Anal. Caled. for C,3H;4NgS, (438.5): C, 63.00; H,
3.22; N, 19.16; S, 14.62. Found: C, 63.09; H, 3.16; N, 19.08;
S, 14.55.
2,5-Diphenyl-4-(3-phenyl-5-(phenyldiazenyl)-1,3,4-thia-
diazol-2(3H)-ylidene)-2,4-dihydro-3H-pyrazol-3-one (34D)
Black crystals, mp 229-231°C (DMF), yield (80%); IR (Vax
cm™!) v 1636 (CO); 'H NMR (300 MHz, CDCl;) §
7.16-8.19 (m, 20H); *C NMR (75MHz, CDCly) § 104.3,
118.7, 119.4, 120.9, 122.1, 128.1, 128.5, 128.6, 128.7, 128.9,
129.4, 129.7, 131.2, 137.8, 140.4, 142.3, 146.4, 147.7, 155.4,
165.6, 166.7; MS (EL, 70eV) m/z (%): 500 (M*, 23.8), 337
(14.0), 105 (15.2), 91 (15.4), 77 (100); Anal. Calcd. for
CroH,0N6OS (500.6): C, 69.58; H, 4.03; N, 16.79; S, 6.40.
Found: C, 69.49; H, 3.93; N, 16.70; S, 6.32.
5-Methyl-2-phenyl-4-(3-phenyl-5-(phenyldiazenyl)-1,3,4-
thiadiazol-2(3H)-ylidene)-2,4-dihydro-3H-pyrazol-3-one
(34E) Black crystals, mp 178-180°C (DMEF), yvield (82%); IR
(Vmaw cm 1) v 1633 (CO); 'H NMR (300 MHz, CDCl;) 6
233 (s, 3H, CH;) and 7.15-8.07 (m, 15H); *C NMR
(75MHz, CDCLy) & 14.5, 104.3, 118.7, 119.5, 120.9, 122.6,
128.2, 128.6, 128.7, 128.9, 129.7, 140.5, 142.3, 146.4, 147.7,
147.9, 165.7, 166.5; MS (EL 70 eV) m/z (%): 438 (M, 30.7),
275 (11.2), 105 (14.6), 91 (13.5), 77 (100); Anal. Calcd. for
C,4H gNcOS (438.5): C, 65.74; H, 4.14; N, 19.17; S, 7.31.
Found: C, 65.64; H, 4.07; N, 19.08; S, 7.23.
5,5-Dimethyl-2-(3-(p-tolyl)-5-(p-tolyldiazenyl)-1,3,4-thia-
diazol-2(3H)-ylidene)cyclohexane-1,3-dione (35A) Red crys-
tals, mp 216-218 °C (CH;CN), yield (74%); IR (Ve cm™ )
v 1668 (CO); "H NMR (300 MHz, DMSO-dg) d 0.98 (s, 6H,
2CH,), 2.30 (s, 4H, 2CH,), 2.50 (s, 3H, CH,), 2.52 (s, 3H,
CH;) and 7.27-7.95 (m, 8H); *C NMR (75 MHz, DMSO-
de) 0 21.2, 21.9, 28.5, 30.9, 51.1, 105.1, 123.1, 124.5, 129.8,
131.1, 138.3, 141.1, 146.5, 149.9, 162.0, 168.4, 191.5; Anal.
Caled. for Cp,HuN,0,S (432.5): C, 66.64; H, 5.59; N, 12.95;
S, 7.41. Found: C, 66.73; H, 5.68; N, 13.04; S, 7.51.
2-(3-(p-Tolyl)-5-(p-tolyldiazenyl)-1,3,4-thiadiazol-2(3H)-
ylidene)-1H-indene-1,3(2H)-dione (35B) Red crystals, mp
296-298°C (DMEF), yield (80%); IR (Vmax cmfl) v 1650
(CO); '"H NMR (300 MHz, DMSO-dg) § 2.50 (s, 3H, CH,),
252 (s, 3H, CH;) and 7.34-7.99 (m, 12H); *C NMR
(75 MHz, DMSO-dg) 6 21.2, 21.4, 112.1, 119.5, 121.6, 126.9,
128.5, 129.2, 129.9, 131.3, 135.2, 138.2, 143.4, 144.8, 149.4,
166.6, 190.5; MS (EI, 70eV) m/z (%): 438 (M, 10.7), 119
(9.9), 91 (100), 65 (22.1); Anal. Calcd. for C,sH,gN,O,S
(438.5): C, 68.48; H, 4.14; N, 12.78; S, 7.31. Found: C, 68.39;
H, 4.03; N, 12.69; S, 7.22.
2-(Benzo[d]thiazol-2-yl)-2-(3-(p-tolyl)-5-(p-tolyldiazenyl)-
1,3,4-thiadiazol-2(3H)-ylidene)-acetonitrile (35C) Black crys-
tals, mp 310-312°C (DMF), yield (78%); IR (Vpap cm™ ') v
2189 (CN); '"H NMR (300 MHz, CDCly) § 2.49 (s, 3H, CHs),
252 (s, 3H, CH;) and 7.27-8.02 (m, 12H); *C NMR
(75 MHz, CDCl;) 6 20.8, 21.2, 83.6, 118.8, 121.4, 121.7, 124.4,
124.5, 125.5, 128.5, 128.9, 129.2, 129.9, 136.4, 138.6, 143.3,
145.1, 149.5, 153.6, 160.7, 166.5; MS (EL 70eV) m/z (%): 466
(M™*, 56.1), 119 (12.5), 91 (100), 65 (37.4); Anal. Calcd. for
CysH gNgS, (466.6): C, 64.36; H, 3.89; N, 18.01; S, 13.74.
Found: C, 64.30; H, 3.81; N, 18.10; S, 13.67.



2,5-Diphenyl-4-(3-(p-tolyl)-5-(p-tolyldiazenyl)-1,3,4-thia-
diazol-2(3H)-ylidene)-2,4-dihydro-3H-pyrazol-3-one (35D)
Black crystals, mp 300-302°C (DME), yvield (78%); IR (Vpmax
cm ') v 1634 (CO); '"H NMR (300 MHz, CDCl;) d 2.21 (s,
3H, CHj), 2.49 (s, 3H, CH;) and 6.80-8.18 (m, 18H); °C
NMR (75MHz, CDCl;) & 21.1, 21.3, 104.3, 118.7, 121.5,
128.2, 128.6, 128.8, 128.9, 129.1, 1294, 129.7, 131.2, 131.3,
137.8, 138.6, 140.4, 142.3, 143.4, 144.8, 155.5, 165.6, 166.6;
Anal. Calcd. for C5,H,4,NgOS (528.6): C, 70.43; H, 4.58; N,
15.90; S, 6.06. Found: C, 70.34; H, 4.49; N, 15.82; S, 5.96.
5-Methyl-2-phenyl-4-(3-(p-tolyl)-5-(p-tolyldiazenyl)-1,3,4-
thiadiazol-2(3H)-ylidene)-2,4-di-hydro-3H-pyrazol-3-one (35E)
Black crystals, mp 270-272°C (DMEF), yield (76%); IR (Viax
cm ') v 1632 (CO); '"H NMR (300 MHz, DMSO-dg) & 2.47 (s,
3H, N=C-CHs;), 2.50 (s, 3H, CH;), 2.52 (s, 3H, CH;) and
7.13-7.98 (m, 13H); *C NMR (75MHz, DMSO-d) o 144,
21.2, 21.4, 104.2, 118.6, 121.5, 128.2, 128.8, 128.9, 129.2, 129.9,
138.6, 140.4, 142.2, 143.3, 145.1, 147.7, 147.9, 165.7, 166.4; Anal.
Calcd. for CysH»,NgOS (466.6): C, 66.93; H, 4.75; N, 18.01; S,
6.87. Found: C, 66.85; H, 4.65; N, 17.91; S, 6.79.
2-(3-(4-Chlorophenyl)-5-((4-chlorophenyl)diazenyl)-1,3,4-
thiadiazol-2(3H)-ylidene)-5,5-di-methylcyclohexane-1,3-dione
(36A) Pale red crystals, mp 266-268 °C (DMF + EtOH), yield
(71%); IR (Vmaw cm ') v 1665 (CO); 'H NMR (300 MHz,
CDCl;) 60 097 (s, 6H, 2CHj), 2.30 (s, 4H, 2CH,) and
7.20-7.95 (m, 8H); *C NMR (75MHz, CDCl;) § 27.7, 30.6,
50.7, 105.4, 123.5, 124.7, 1294, 131.5, 138.2, 141.5, 146.4,
1499, 1629, 167.7, 192.2; MS (EI, 70eV) m/z (%): 472
(M+,10.04), 349 (24.9), 252 (26.4), 137 (29.3),109 (100), 69
(44.5), 55 (88.8); Anal. Calcd. for C,,H,3sCILN,O,S (473.4): C,
55.82; H, 3.83; Cl, 14.98; N, 11.84; S, 6.77. Found: C, 55.69;
H, 3.78; Cl, 15.10; N, 11.91; S, 6.85.
2-(3-(4-Chlorophenyl)-5-((4-chlorophenyl)diazenyl)-1,3,4-
thiadiazol-2(3H)-ylidene)-1H-indene-1,3(2H)-dione (36B) Dark
red crystals, mp 332-334°C (DMF), yield (77%); IR (Vmawo
cm™Y) v 1649 (CO); 'H NMR (300 MHz, DMSO-ds) &
7.22-7.79 (m, 12H); *C NMR (75 MHz, DMSO-d¢) J 1124,
121.6, 126.9, 127.9, 128.7, 129.5, 130.3, 134.5, 135.3, 140.2,
144.4, 146.3, 149.6, 166.7, 190.4; MS (EI, 70eV) m/z (%): 479
(M*, 25.4), 481 (MT+2, 17.1), 483 (M1+4, 3.5), 478 (90.7),
139 (29.5), 113 (30.8), 111 (100), 75 (43.0); Anal. Calcd. for
Cy3H,,CLN,O,S (479.3): C, 57.63; H, 2.52; Cl, 14.79; N,
11.69; S, 6.69. Found: C, 57.54; H, 2.43; Cl, 14.68; N, 11.60;
S, 6.60.
2-(Benzo[d]thiazol-2-yl)-2-(3-(4-chlorophenyl)-5-((4-chlor-
ophenyl)diazenyl)-1,3,4-thiadiazol-2(3H)-ylidene)acetonitrile
(36C) Black crystals, mp 338-340°C (DMF), yield (79%); IR
(Vmaw cm™ ") v 2185 (CN); 'H NMR (300 MHz, DMSO-dg) 6
7.21-8.17 (m, 12H); °C NMR (75 MHz, DMSO-ds) § 83.7,
118.5, 121.1, 121.9, 124.5, 124.7, 125.2, 127.4, 128.6, 129.4,
1304, 134.6, 136.5, 144.6, 146.2, 149.2, 153.7, 160.8, 166.7;
MS (EL 70eV) m/z (%): 506 (M", 10.8), 508 (M*+2, 8.5),
510 (M*+4, 2.2), 139 (28.4), 113 (31.8), 111 (100), 75 (38.6);
Anal. Calcd. for C,3H;,CLNgS, (507.4): C, 54.44; H, 2.38; Cl,
13.97; N, 16.56; S, 12.64. Found: C, 54.37; H, 2.33; Cl, 13.92;
N, 16.51; S, 12.58.
4-(3-(4-Chlorophenyl)-5-(4-chlorophenyl)diazenyl)-1,3,4-thia-
diazol-2(3H)-ylidene)-2,5-di-phenyl-2,4-dihydro-3H-
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pyrazol-3-one (36D) Black crystals, mp 298-300°C (DMEF),
yield (85%); IR (Vo cm™ ') v 1638 (CO); "H NMR (300 MHz,
DMSO-dg) 6 7.20-8.16 (m, 18H); >C NMR (75 MHz, DMSO-
de) 0 1042, 1186, 1214, 128.1, 128.6, 1287, 128.8, 129.3, 129.8,
130.3, 1312, 1344, 137.8, 138.6, 140.5, 142.3, 144.8, 146.2, 155.7,
165.6, 166.5; MS (EL, 70eV) m/z (%): 568 (M*, 7.11), 570
(M2, 54), 572 (MT+4, 1.3), 139 (31.2), 113 (30.9), 111 (100),
91 (34.7); Anal. Calcd. for C,oH;sCLNGOS (569.5): C, 61.17; H,
3.19; Cl, 12.45; N, 14.76; S, 5.63. Found: C, 61.09; H, 3.09; Cl,
12.37; N, 14.68; S, 5.55.

4-(3-(4-Chlorophenyl)-5-((4-chlorophenyl)diazenyl)-1,3,4-
thiadiazol-2(3H)-ylidene)-5-methyl-2-phenyl-2,4-dihydro-3H-
pyrazol-3-one (36E) Black crystals, mp 264-266°C (DMF),
yield (74%); IR (Vmao cm™ ') v 1635 (CO); 'H NMR
(300 MHz, CDCl3) & 2.47 (s, 3H, N =C-CHj3), and 7.19-7.99
(m, 13H); "*C NMR (75 MHz, CDCl;) § 14.2, 104.1, 118.7,
1214, 127.9, 128.1, 128.6, 128.8, 129.8, 130.4, 134.5, 140.5,
1423, 1445, 1462, 147.9, 165.6, 166.5; MS (EI, 70eV) m/z
(%): 506 (M™, 5.0), 508 (M"+2, 3.7), 510 (M"+4, 0.85), 309
(4.1), 113 (31.0), 111 (100), 91 (30.5), 75 (25.9); Anal. Calcd.
for Co,H;sCLNGOS (507.4): C, 56.81; H, 3.18; Cl, 13.97; N,
16.56; S, 6.32. Found: C, 56.72; H, 3.09; Cl, 13.89; N, 16.56;
S, 6.23.

Antibacterial activity evaluation

Antimicrobial activity of the tested compounds was deter-
mined using a modified Kirby-Bauer disk diffusion
method.**! Briefly, 100 uL of the test bacteria was grown in
10mL of fresh media until they reached a count of approxi-
mately 10° cells/mL for bacteria.**) Hundred microliter of
microbial suspension was spread onto agar plates corre-
sponding to the broth in which they were maintained. Of
the many media available, NCCLS recommends
Mueller-Hinton agar due to: it results in good batch-to-
batch reproducibility. Disk diffusion method for vyeasts
developed by approved standard method (M44-P) by the
(NCCLS, 2009).14¢!

Minimum inhibitory concentration study

The MIC values were measured by the broth dilution method."*”!
Five hundred micro-liter of a stock solution (10.24 mg/mL) of
each tested compound in dimethyl sulfoxide (DMSO) was pre-
pared and then diluted with Mueller-Hinton broth to 1024 ug/
mL. The strains were grown briefly at 37 °C in Mueller-Hinton
media. After 5h of bacterial growth, the bacterial culture was
diluted to obtain a concentration of 5x 10> cells/mL. Then,
150 1L bacterial suspensions were added to each well of the flat-
bottomed 96-well tissue culture plate. Twofold serial dilutions
were carried out from the first well to the tenth well; the final
concentrations of the compounds ranged from 1 to 512 ug/mL;
and excess media (150 uL) were discarded from the last well. The
plates were incubated at 37°C for 24h in an electro-heating
standing temperature cultivator and were read visually. The MIC
of the sample showing no turbidity was recorded as the lowest
concentration of compound that inhibited bacterial growth com-
pletely. Each assay was run in triplicate.
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