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ABSTRACT

46645) by paper disc diffusion technique.

In the present study, novel Thiadiazoles were synthesized by reaction of
hydroxybenzoic acid with thiosemicarbazide to synthesize 5-phenyl-1,3,4-thiadiazol-2-amine(A)
and 2-(5-amino-1,3,4-thiadiazole-2-yl) phenol(B).From these compounds various derivatives of
1,3,4-Thiadiazole derivatives (Al1-A4 and B1-B4) have been synthesized. The chemical
structures of the synthesized compounds were confirmed by means of IR, "H NMR, and nitrogen
estimation. These compounds were screened for antibacterial (Staphylococcus aureus ATCC
9144, Becillus Cereus ATCC 11778, Escherichia coli ATCC 25922, Pseudomonas aeruginosa
ATCC 2853 and anti-fungal (Aspergillus niger ATCC 9029 and Aspergillus fumigatus ATCC
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benzoic and 2-

/

INTRODUCTION

The structures of imidazo[2,1-b]
[1,34]thiadiazoles are closely related to the
biologically  vibrant imidazo[1,3,4]thiazole
heterocycles, in which the CH group in the
thiazole ring is substituted by the isosteric
nitrogen atom, but their properties often
possess marked differences. The practically
planar and rigid heteroaromatic imidazo[2,1-
b][1,3,4] thiadiazole ring system may therefore
have interesting physicochemical and biological
properties, because of the presence of four
heteroatoms and two condensed heterocycles
with different n-conjugation. Thiadiazole play a
prominent role in nature. For example, the
thiazolium ring present in vitamin B1 serves as
anelectron sink and its coenzyme form is
important for thedecarboxylation of o-keto
acidst. Thiazoles were reported to possess anti-
microbial?, analgesic3, anti inflammatory4, anti-
cancers, anti-tuberculars, anthelmintic’ &
diuretic® activities. Thiazoles are easily
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metabolized by routine biochemical reactions
and are non-carcinogenic in nature®. In addition,
pyrazoles are reported as anti-microbiall,

analgesiclt, anti inflammatory?2, anti
hypertensive?3, anti-depressant!4 and
anticancer® agents. Above observation

prompted us to synthesize the title compounds
(A1-A4 and B1-B4) with presumption that drug
intermediates based on thiosemicarbazide with
various amines would produce novel thiadiazole
derivatives with potent biological activities.
Their chemical structure was confirmed by IR,
IHNMR, and nitrogen estimation. These
compounds  were screened for  their
antibacterial activity against two gram + ve
bacteria (Staphylococcus aureus ATCC 9144,
Becillus Cereus ATCC 11778 and two gram - ve
bacteria  (Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 2853) and anti-
fungal (Aspergillus niger ATCC 9029 and
Aspergillus fumigatus ATCC 46645) activities by
paper disc diffusion technique.
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EXPERIMENTAL

All chemicals used in this study were purchase
from Aldrich Chemicals and were used without
further purification. All melting points were
taken in open capillary tube and are
uncorrected. The purity of the compounds was
checked by TLC on pre-coated SiO, gel (HF2s4,
200 mesh) aluminum plates (E Merk) using
Butanol: Acetic acid: water (4:1:5) visualized in
iodine chamber. FTIR spectra were recorded
with Perkin Elmer spectrophotometer. The
IHNMR spectra were determined with Brucker
400 MHz FTNMR spectrometer.

Synthesis of 5-phenuyl-1, 3, 4-thiadiazole-2-
amine

A mixture of thiosemicarbazide (9.11 g, 0.1
mol),benzoic acid (12.2g,0.1 mol), and conc.
Sulphuric acid (5 ml) in 50 ml of ethanol was
refluxed for 1.5 hour and poured onto crushed
ice. The solid separated out was filtered, washed
with cold water and recrystallized from ethanol
to separate the first step product.

General method for synthesis of Ay — A4,

A methanolic solution of first step product (2
gm, 0.001mole) was charged into a three nack
flask equipped with a stirred and dropping
funnel. The solution was stirred to dissolve it
completely. To this methanolic solution,
formaldehyde (7 ml, 37%) was added dropwise
during 15-20 minutes. The resulting mixture
was stirred during half an hour to complete
reaction of formaldehyde and to yield methylol
derivative. To this reaction mixture, the
methanolic solution of amine (1.5 gm, 0.001
mol) was added dropwise with stirring in about
half an hour at 30 ° C temperature and refluxed
for two hour at 65-70°C. it was allowed to cool
and poured in ice water. The solid obtained was
filtered off washed thoroughly with hot water
and air dried. The reaction scheme for these
compounds are shown in figure-2.

Synthesis of
thiadiazole

A mixture of thiosemicarbazide (9.11 g, 0.1 mol),
Salicylic acid (13.8 g,01 mol), and conc.
Sulphuric acid (5 ml) in 50 ml of ethanol was
refluxed for 1.5 hour and poured onto crushed
ice. The solid separated out was filtered, washed
with cold water and recrystallized from ethanol
to separate the first step product (figure-3).

5-(substituted)-2-amino-

General procedure for synthesis of B1 — B4

A methanolic solution of first step product (2
gm, 0.001mole) was charged into a three nack
flask equipped with a stirred and dropping
funnel. The solution was stirred to dissolve it
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completely. To this methanolic solution,
formaldehyde (7 ml, 37%) was added dropwise
during 15-20 minutes. The resulting mixture
was stirred during half an hour to complete
reaction of formaldehyde and to yield methylol
derivative. To this reaction mixture, the
methanolic solution of amine (1.5 gm, 0.001
mol) was added drop wise with stirring in about
half an hour at 30 ° C temperature and refluxed
for two hour at 65-70 °C. It was allowed to cool
and poured in ice water. The solid obtained was
filtered off washed thoroughly with hot water
and air dried. The reaction scheme for these
compounds are shown in figure-4.

The data of physical characteristics of
synthesized compounds are shown in table-1.
Percentage of nitrogen was estimated by
Kjeldahl method. All the synthesized compounds
were characterized by IR and H NMR. The
spectral data of synthesized compounds are
shown in table-2.

Antibacterial activity

All the newly synthesized 1, 3, 4-thiadiazole
derivatives were screened for their antibacterial
and antifungal activity. For antibacterial studies
microorganisms employed were Staphylococcus
aureus ATCC 9144, Becillus Cereus ATCC 11778,
Escherichia coli ATCC 25922, Pseudomonas
aeruginosa ATCC 2853, For antifungal,
Aspergillus niger ATCC 9029 and Aspergillus
fumigatus ATCC 46645 were used as organism.
Both microbial studies were assessed by
Minimum Inhibitory Concentration (MIC) by
serial dilution method. For this, the compound
whose MIC has to be determined is dissolved in
serially diluted DMF Then a standard drop of the
culture prepared for the assay is added to each
of the dilutions, and incubated for 16-18 hrs at
370c. MIC is the highest dilution of the
compound, which shows clear fluid with no
development of turbidity. The results are shown
in the table: 3.

RESULT AND DISCUSSION

The structures of the synthesized compound
were determined on the basis of their FTIR and
1H NMR data. The spectral data for FTIR and 1 H
NMR are elaborated in table-2, which confirms
the structure of synthesized compounds. In vitro
antibacterial activity data of 1,3,4-Thiadiazole
derivatives against tested organisms displayed
significant activity with a wide degree of
variation. It is found that compound Al, A2 and
B2 have shown significant antibacterial activity
against gram positive bacteria. Rest of the
compounds has exhibited significant to
substantial activity against the same strain.
Compound A2, A4 and B2 have shown highest
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activity against gram negative bacteria.
Substantial activity is achieved in case of
compounds A2 against S. aureus, B.cereus, E.coli,
P. aeruginosa and the remaining compounds are
significantly active against the same species. All
the 1,3,4-Thiadiazole derivatives have exhibited
significant to moderate activity against gram
positive and gram negative bacteria. Derivatives
A3 and B2 has exhibited substantial activity
against A.niger. and C. While derivatives Al, A4,
Bland B2 have shown higher activity against A.
fumigates. Comparatively weak to moderate
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activity has been reported by remaining
compounds. E. coli was found to be more
susceptible than rest of the other strains of
bacteria. From in vitro antifungal activity (Table
3), data reveals that all the newly synthesized
compounds displayed higher to week activity in
comparison to standards. Thus, it is obvious
from the structure-activity profile of substituted
1,3,4-Thiadiazole derivatives; a small structural
variation may induce an effect on antibacterial
activity.

Table 1: Characterization data of synthesized compounds

Compd. Molecular Formula Melting Point °C Yield (%) Mol. Wt gm/mole Nitrogen (%)
A CsH7N3S 160 70% 177 23.73 20.12
Al C17H12N402S 142 68 336 16.67 13.45
A2 C14H15Ns02S 115 65 315 22.22 20.67
A3 C14H15Ns02S 145 62 315 22.22 20.67
A4 C14H13N402S 140 68 297 18.85 15.87
B CgH7N30S 135 69 193 21.76 15.87
Bl C17H12N403S 112 65 342 16.37 15.68
B2 C14H15Ns02S 116 75 331 21.14 19.08
B3 C14H15Ns02S 120 72 331 21.14 19.08
B4 C14H14N402S 137 65 302 18.54 15.87

Table 2: Infra Red / *H NHR spectral study of the synthesized compounds

Compound IR (cm1) H - NMR (6, ppm)

A 3391 (N-H str.), 1400 (Ar.C-H str.), 1628 (Ar.C-C str.), 1450 (C-N str.), 1055 7.8-8.20 (8H, Ar-CH), 6.87 (1H, NH),
(C-Sstr.), 1450 (C=C str.) 1250 (C-N str.) 4.72 (1H, NH), 4.50 (2H, CH2)

Al 3420 (N-H str.), 1450 (Ar.C-H str.), 1670 (Ar.C-C str.), 1465 (C-N str.), 1125 10.85 (1H, OH), 6.90-8.06 (8H, Ar-
(C-Ssstr.), 1550 (C=C str.), 1555 (N-O str.), 1720 (C=0 str.) CH), 4.85 (2H, CH2), 6.50 (1H, NH)

A2 3450 (N-H str.), 1475 (Ar.C-H str.), 1605 (Ar.C-C str.), 1420 (C-N str.), 1065 10.05 (1H, OH), 6.80-8.20 (8H, Ar-
(C-Sstr.), 1560 (C=C str.) 1565 (N-O asy. str.) CH), 4.65 (2H, CH2), 6.40 (1H, NH)

A3 3310 (N-H str.), 1460 (Ar.C-H str.), 1680 (Ar.C-C str.), 1450 (C-N str.), 1567 10.05 (1H, OH), 6.80-8.20 (8H, Ar-
(N-O str.), 1020 (C-S str.), 1580 (C=C str.), 1635 (-NH2str.) CH), 4.65 (2H, CH2), 6.40 (1H, NH)

A4 3550 (N-H str.), 1550 (Ar.C-H str.), 1690 (Ar.C-C str.), 1450 (C-N str.), 1567 10.85 (1H, OH), 6.50-8.25 (8H, Ar-
(N-O str.), 1010 (C-S str.), 1500 (C=C str.), 750 (NH str.), 3455 (-OH str.) CH), 4.85 (2H, CH2), 6.70 (1H, NH)

B 3550 (N-H str.), 1550 (Ar.C-H str.), 1690 (Ar.C-C str.), 1010 (C-S str.), 1500 7.0-8.30 (4H, Ar-CH), 4.80(1H, NH),
(C=C str.) 1250 (C-N str.), 750 (NH str.), 3455 (-OH str.) 4.90 (2H, CH2)

B1 3520 (N-H str.), 1570 (Ar.C-H str.), 1680 (Ar.C-C str.), 1430 (C-N str.), 1547 10.00 (1H, OH), 6.00-8.00 (8H, Ar-
(N-O str.), 950 (C-S str.), 1500 (C=C str.) 1250 (C-N str.), 750 (NH str.), 3455 | CH), 4.65 (2H, CH), 6.20 (1H, NH)
(-OH str.), 1740(C=0 str.)

B2 3450 (N-H str.), 1550 (Ar.C-H str.), 1690 (Ar.C-C str.), 1450 (C-N str.), 1470 10.05 (1H, OH), 6.80-8.20 (8H, Ar-
(N-O str.), 910 (C-S str.), 1500 (C=C str.) 1250 (C-N str.), 750 (NH str.), 3455 | CH), 4.65 (2H, CH), 6.40 (1H, NH)
(-OH str.)

B3 3470 (N-H str.), 1520 (Ar.C-H str.), 1650 (Ar.C-C str.), 1410 (C-N str.), 1540 10.00 (1H, OH), 6.00-8.00 (8H, Ar-
(N-O str.), 980(C-S str.), 1500 (C=C str.) 1220 (C-N str.), 750 (NH str.), 3455 | CH), 4.65 (2H, CHz), 6.20 (1H, NH)
(-OH str.)

B4 3580 (N-H str.), 1500 (Ar.C-H str.), 1670 (Ar.C-C str.), 1450 (C-N str.), 1567 10.40 (1H, OH), 6.20-8.00 (8H, Ar-
(N-Ostr.), 1010 (C-S str.), 1500 (C=C str.) 1240 (C-N str.), 750 (NH str.), CH), 4.75 (2H, CH2), 6.30 (1H, NH)
3455 (-OH str.)

Table 3: Antibacterial and Antifungal data for the newly synthesized Thiadiazoles

Compd. Antibacterial data in MIC(ug/ml) Antifungal data in
Gram +ve Bacteria Gram -ve Bacteria MIC (ug/ml)
S.aureus B. cereus P. aeruginosa E.coli A.niger Afumigatus
Al 8 8 5 7 15 17
A2 9 8 10 9 16 15
A3 5 4 7 6 18 14
A4 8 6 9 9 16 18
Bl 7 6 6 7 16 17
B2 8 8 9 9 17 17
B3 6 7 4 5 13 12
B4 7 5 8 6 15 14
Streptomycin 10 9 12 10 -- --
Fluconazole -- -- -- -- 20 22
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N—N
\
H
70 H,N—NH ’ >\NH2
2 Ethanol S
NH» —_—
+ Conc. H,SO,4
S
5-phenyl-1,3,4-thiadiazol-2-amine
Benzoic Acid Thiosemicarbazide [A]
Fig. 1: Synthesis of 5-phenuyl-1,3,4-thiadiazole-2-amine
N/N\ o N—N o
’ >\NH2 [ \>\NH
S HCHO S —\
+ NH — > N

\

o} o
5-phenyl-1,3,4-thiadiazol- Pthalamide 2-{[(5-phenyl-1,3,4-thiadiazol-2-yl)amino]
2-amine methyl}-1H-isoindole-1,3(2H)-dione

[A] [A4]

N/N

N’/N\>\NH2 NHz | \>\NH

HCHO S \
S + —_— NH NO ,

- NO , N-(4-nitrophenyl)-N'-(5-phenyl-1,3,4-thiadi
?é?;rﬁ?gé'l‘s’zl'th'ad'a20| p-nitro aniline azol-2-yl)methanediamine
(Al (A,]

N/N
N—N NH> | N H,N
N NH NH
/ >\NH2 ? HcHo s \ @
S + —_— NH

N-{[(5-phenyl-1,3,4-thiadiazol-2-yl)amino]

5-phenyl-1,3,4-thiadiazol o nitro aniline methyl}benzene-1,2-diamine
-2-amine
[A 3]
[A] 3

—N

D I D
+

HCHO S \
S —_— NH OH

HO - .
5-phenyl-1,3,4-thiadiazol 4-({[(5-phe_ny|-1,3,4-th|ad|azol-2-yl)am ino]
-2-amine 4-aminophenol methyl}amino)phenol

(Al (A4l

Fig. 2: Synthesis of 5-(substituted)-2-amino-thiadiazoles
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2-hydroxybenzoic acid ~ Thiosemicarbazide
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N/N\
| >\NH2
Ethanol S
e
Conc. H ,SO 4
OH

2-(5-amino-1,3,4-thiadiazol-2-
yl)phenol
(B]

Fig. 3: Synthesis of 2-(5-amino-1,3,4-thiadiazol-2-yl)phenol

N/N o) N/N\ o)
\>\NH / | >\NH
s 2 HCHO s —\
+ NH N
OH \ OH
o o
2-(5-amino-1,3,4-thiadiazol- i 2-({[5-(2-hydroxyphenyl)-1,3,4-thiadiazol-
2-§/I)phenol Pthalamide 2-yllamino}methyl)-1H-isoindole-1,3(2H)-
dione
[B] (Ba]
/N
N
_—N NH
N’ N 2 | \>\NH
NH, HCHO S \
S + —_— NH NO ,
OH
OH 2-[5-({[(4-nitrophenyl)amino]
2-(5-amino-1,3,4-thiadia NO , methyl}amino)-1,3,4-thiadia
zol-2-yl)phenol p-nitro aniline zol-2-yl]phenol
[B] (B2l
NH N/N\
N 2 O,N
N/\ | >\NH 2
| NH, NO2 hcHo S \
S + B — NH
OH
OH . - 2-[5-({[(2-nitrophenyl)amin
2-(5-amino-1,3,4-thia o-nitro aniline olmethyl}amino)-1,3,4-thia
diazol-2-yl)phenol diazol-2-yl]phenol
[B]
(B3]
/N
N
—N NH
N’ \>\ z [ \>\NH
NH; HCHO S \
S _— NH OH
+
OH
OH .

. o 2-[5-({[(4-hydroxyphenyl)amino]
2-(5-amino-1,3,4-thiadiazol OH methyl}amino)-1,3,4-thiadiazol-
-2-yl)phenol p-amino phenol 2-yllphenol

[B] [B4]

Fig. 4: Synthesis of 5-(substituted)-2-amino-thiadiazole
CONCLUSION feel that the preliminary in vitro activity results

A series of novel 1,34-Thiadiazole derivatives
were synthesized and the structure of the entire
compounds were confirmed by recording by
theirtH NMR, and IR spectra. In conclusion, we
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of this class of compounds may possess
potential for design of future molecules with
modifications on the aryl substituent’s as well as
NH2 side chain. All the synthesized compounds
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showed moderate activity against bacteria and
fungi. The screening studies have demonstrated
that the newly synthesized compounds exhibit
promising  antibacterial and  antifungal
properties. Therefore, it is concluded that there
exists ample scope for further study in this class
of compounds.
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