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ABSTRACT

New schiff bases series (VIII) a-¢ and 1,3-thiazolidin-4-one derivatives (IX) a-e containing the 1,2,4-triazole and 1,3,4-thiazazole
rings were synthesized and screening their biological activities. These compounds were identified via Fourier transform infrared
(FT-IR) spectra, some via Proton nuclear magnetic resonance ('H-NMR) and mass spectra. The biological results indicated that
all of these compounds did not reveal antibacterial effectiveness against (Escherichia coli and Klebsiella species) (G-). Some
of these compounds showed moderate antibacterial activity against (Staphylococcus aureus, and Staphylococcus epidermidis)
(G+), and all compounds exhibited moderate activity against Candida albicans.
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INTRODUCTION

Triazole is a heterocyclic aromatic compound that has
recently received considerable attention due to its biological
activities.! Bladin in 1855 was first use the name “triazole”
for describing the carbon-nitrogen ring system C,H;N;.?
Two isomeric forms like 1,2,3-triazole and 1,2,4-triazole
for triazole ring.3 The researchers attention of 1,2,4-triazole
due to its wide spectrum of biological effectiveness like
antiviral,* antiparasytic,* antimicrobial > antimigrain,”® anti-
inflammatory,®’ anticancer,'®!! antioxidant,'? anticonvulsant'®
and anti-urease.'*

Thiadiazoles are kind of azole compounds and five-
membered heterocyclic compounds containing two
nitrogen atoms with sulfur atom. Aromatic ring due to
the presence of two double bonds; the Hantzsch-Widman
nomenclature using for the name thiadiazole.!> Derivatives
of thiadiazole are four isomeric forms: 1,2,3-thiadiazole;
1,2,4-thiadiazole; 1,2,5-thiadiazole; and 1,3,4-thiadiazole.
Derivatives of 1,3,4-thiadiazole show the most important
therapeutic ability.!® These derivatives exhibited a broad
range of therapeutic effectiveness such as antimycobacterial,”
antifungal,'® antimicrobial”,!® antipsychotic,’® analgesic,?!
anti-inflammatory,’' anti-leishmanial,?? antidepressant,®
anticonvulsant.>*> In many published studies, derivatives of
1,3,4-thiadiazole revealed the antitumor activity.

Schiff bases named after Hugo Schiff (1864), a German
Scientist, are formed when primary amine reacts with ketones
or aldehydes under specified mole ratio and conditions. The
functional group for these compounds are imine or azomethine

(-C=N-), referred to as products of condensation of primary
amines with carbonyl compounds.?®

Schiff bases are significant kind of the most widely used
organic compounds and possess many applications such as
biological, inorganic chemistry, analytical, medicinal and
as fine chemicals.?’” The important and interesting roles of
schiff bases are as intermediates in the biologically important
transmutation reactions. In schiff bases, the C=N bond is main
for molecular interactions, as some schiff bases have been
reported to possess anticancer, antimalarial, antibacterial, and
antifungal activity.?>?

Thiazolidinones are derivatives of ketone and they called
thiazolidin due to containing saturated form of thiazol. They
described as a heterogeneous pentagonal ring containing of
five members including one sulfur atom and one nitrogen.*
Thiazolidinones showed a wide range of biological effective-
ness®! like antimicrobial,’? antitumor,> antidiabetic,>* anti-
inflammatory,*® and analgesic. ¥

EXPERIMENT

Materials

All chemicals were supplied by Sigma-aldrich, Merck, Fluka,
and BDH companies.

Instruments

Melting points were recorded by Digimelt MPA 161 (MSRS)
electronic. Fourier transform infrared (FT-IR) spectra were
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Scheme 1: Scheme for prepared compounds

recorded at Ibn-Sina company via using Shimadzu FT-IR-
84008 spectrophotometer. Mass spectroscopy were carried out
via Agilent mass spectrometer model 5975C VL MSD at the
University of Tehran, Iran. "TH-NMR (500 MHz) spectra were
recorded in DMSO-d, on Bruker BioSpin GmbH, University
of Kashan, Iran. Biological activity for synthesized compounds
estimated for antibacterial activity against (Escherichia coli
and Klebsiella species) and (Staphylococcus aureus and
Staphylococcus epidermidis) and antifungal activity against
(Candida albicans) in Department of Biology, College of
Science, Al-Mustansiriyah University .

Synthesis of Methyl Nicotinate (IT)*

Add conc. H,SO, (1 mL) to a solution of nicotinic acid (I)
(1.23 g, 10 mmol) in absolute methanol (30 mL), and the mixture
was heated for 24 hours Concentrated, the reaction mixture
after cooling under reduced pressure, Add (NaHCOs;) solution
(20 mL, 10%, w/v), then extracted the ester with (CHCl;)
(2x15 mL). Dried the combined extract via (MgSO,), filtered,
concentrated under reduced pressure to give methyl nicotinate
(I1), (64%) as a white crystalline, m.p. (38—42°C), lit. (38—43°C).

Synthesis of Pyridine-3-carbohydrazide (IIT)*

A mixture of the ester (II) (1.37 g, 10 mmol) & hydrazine
hydrate (N,H,.H,0) (80%) (50 mmol) in (C,H;OH) abs.
ethanol (30 mL), was reflex a period 24 hours. The product of
reaction was concentrated under reduced pressure and left over
night.Filtered and washed with ethyl alcohol the white needle
crystalline to yield nicotinic acid hydrazide (II1), (68%), m.p.
(162-164°C), lit. (159-161°C).

Synthesis of 2-nicotinoyl-N-phenylhydrazine-1-
carbothioamide (IV)*’

A mixture of nicotinic acid hydrazide (III) (1.37 g, 10 mmol)
and phenyl isothiocyanate (1.2 mL, 10 mmol) was heated in

abs. Ethyl alcohol (30 mL) for 12 hours cooled the solution
and a white solid appeared. Filtered the obtained precipitate
and recrystallized from abs. ethyl alcohol to give the
thiosemicarbzide (IV), 60%; m.p. (188—190°C).

Synthesis of 4-phenyl-5-(pyridin-3-yl)-4H-1,2,4-triazole-
3-thiol (V)*’

A solution of thiosemicarbzide (IV) (2.72 g, 10 mmol) in 100
mL of NaOH (4 mol L) was heated for 12 hours cooled the
resulting solution to (r. t.) and acidified with dilute HCI (1:1)
to (pH=3). Filtered the precipitate formed, washed with (d. w.)
and recrystallized from abs. ethyl alcohol to afford the white
solid of triazole (V), 60%; m.p. (222-224°C).

Synthesis of 2-((4-phenyl-5-(pyridin-3-yl)-4H-1,2,4-
triazol-3-l)thio)acetic acid (VI)*®

Triazole (V), (2.54 g, 10 mmol) with (2.12 g, 20 mmol)
anhydrous sodium carbonate in (30 mL) of distilled water as
a solvent were heated, then (0.95 g, 10 mmol) of chloroacetic
acid was added. The solution was refluxed for 3 hours. After
cooling, acidified the solution used conc. Hydrochloric acid to
(pH=2). Filtered the product and washed with distilled (H,0)
and recrystallized from absolute ethanol to give (VI), a white
powder, (95%), m.p. (238-240°C).

Synthesis of 5-(((4-phenyl-5-(pyridin-3-yl)-4H-1,2,4-
triazol-3-I)thio)methyl)-1,3,4-thiadiazol-2-amine (VII)**
Added phosphorus oxychloride (15 mL) to a mixture of
(NH,CSNHNH,) thiosemicarbazide (0.91 g, 10 mmol) and
compound (VI) (3.12 g, 10 mmol). Heated the mixture at
(90-100°C) a period 6 hours. Added the ice-cold water to the
reaction medium and neutralized the mixture to pH 7 by adding
the dropwise of NaOH solution (50%) with stirring. Filtered the
precipitate, washed with distilled (H,0O) and recrystallization
by using absolute ethanol to yield the amine (VII) as a brown
solid, (40%), (m.p.190-194°C).
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Table 1: Nomenclature and physical properties for Schiff bases (VIII), .

Compound. no.

Nomenclature

Molecular formula M. wt. (g/mole) M. P. ("C) Weight (g) Yield% Color

(VIID),

(VIID),

(VIID),

(VI

(VIID),

1-phenyl-N-(5-(((4-phenyl-5-
(pyridin-3-yl)-4H-1,2,4-triazol-3-yl)
thio)methyl)-1,3,4-thiadiazol-2-yl)
methanimine

1-(4-chlorophenyl)-N-(5-(((4-phenyl-
5-(pyridin-3-yl)-4H-1,2,4-triazol-3-yl)
thio)methyl)-1,3,4-thiadiazol-2-yl)
methanimine

N,N-dimethyl-4-(((5-(((4-phenyl-5-
(pyridin-3-yl)-4H-1,2 4-triazol-3-yl)
thio)methyl)-1,3,4-thiadiazol-2-yl)
imino)methyl)aniline
4-(((5-(((4-phenyl-5-(pyridin-3-yl)-
4H-1,2,4-triazol-3-yl)thio)methyl)-
1,3,4-thiadiazol-2-yl)imino)methyl)
phenol
1-(4-nitrophenyl)-N-(5-(((4-phenyl-5-
(pyridin-3-yl)-4H-1,2 4-triazol-3-yl)
thio)methyl)-1,3,4-thiadiazol-2-yl)
methanimine

Cy3H,5N,S, 455
C,3H,(CINS, 490
CysH,oN¢S, 498
C,3H,;N,08, 471
Cy3H,NgO,S, 500

110-113 0.3
114-116 0.4
133-137 0.3
75-80 0.4
85-90 0.3

62

82

60

85

60

Deep
brown

Light
brown

brown

brown

Light
brown

Table 2: Nomenclature and physical properties for 1,3-thiazoldin-4-one (IX), .

Compound no.  Nomenclature Molecular formula M. wt. (g/mole) M. P.(°C) Weight (g) Yield%  Color
(IX), 2-phenyl-3-(5-(((4-phenyl-5- C,sH yN,0S; 529 240-242 0.12 46 Brown
(pyridin-3-yl)-4H-1,2,4-triazol-3-yl)
thio)methyl)-1,3,4-thiadiazol-2-yl)
thiazolidin-4-one
(IX)y 2-(4-chlorophenyl)-3-(5-(((4-phenyl-  C,sH;gCIN,0S; 564 Oil 0.14 50 Brown
5-(pyridin-3-yl)-4H-1,2 4-triazol-3-
yl)thio)methyl)-1,3,4-thiadiazol-2-yl)
thiazolidin-4-one
(IX), 2-(4-(dimethylamino)phenyl)-3-(5- C,;H,,NgOS; 572 250-255 0.12 41 Deep
(((4-phenyl-5-(pyridin-3-yl)-4H- brown
1,2,4-triazol-3-yl)thio)methyl)-1,3,4-
thiadiazol-2-yl)thiazolidin-4-one
IX)4 2-(4-hydroxyphenyl)-3-(5-(((4- C,5H,gN;0,S;4 545 246-248 0.14 52 Light
phenyl-5-(pyridin-3-yl)-4H-1,2,4- brown
triazol-3-yl)thio)methyl)-1,3,4-
thiadiazol-2-yl)thiazolidin-4-one
(IX), 2-(4-nitrophenyl)-3-(5-(((4-phenyl-5-  C,5H gNgO5S; 574 210-215 0.2 70 brown
(pyridin-3-yl)-4H-1,2,4-triazol-3-yl)
thio)methyl)-1,3,4-thiadiazol-2-yl)
thiazolidin-4-one
Table 3: FTIR spectra data (wave number ) cm™ of the compounds (II-V)
Compound no.  o(N-H), o(N-H2) ~ v(C-H) Aro. :z(;ng) Triazole c—0) Est. v(C=0) Amide v(C=C) dro. v(C=S) Others
v(C-H) =
I - 3055,3008 - 1728 - 1585 - 2954, 2850
Ali.
I 3321, 3205,3155 3012 - - 1674 1597 - -
v 3163 3105 - - 1681 1593 1130 -
v(C=N) =
A% 3101 3070,3024 2561 - - 1577 1195 1627, 1593

Triazole ring
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Table 4: FTIR spectra data (wave number 0) cm™' of the Schiff bases (VIII),

Compound v(C=N)

o(C=N) Thiadiazole

No. v(C-H) Aro. o(C-H) Ali.  v(C=N) Triazole ring ring v(C=C) Aro.  Others

(VII), 3101 2927,2785 1701 1593 1577 1543 -

(VIID), 3055 2978,2846 1685 1593 1573 1554 v(C-Cl) Aro. = 1091

(VII), 3055 2931 1697 1597 1546 1496 -

(VIID), 3101, 3070, 3024  2927,2819 1681 1597 1581 1543 v(0O-H) = 3383

(VIID), 3105,3078,3032  2912,2769 1705 1597 1577 1546 38:'183 ‘g;yjl ;jf
Table 5: FTIR spectra data (wave number v) cm™! of the thiazolidinone derivatives (IX), .

Compound v(C-H) Aro. o(C-H) Ali. v(C=0) v(C=N) v(C=N) Thiadiazole v(C=C) Aro.  Others

no. Lactam ring  Triazole ring  ring

(IX)a 3062 2927 1720 1593 1570 1539 -

(IX)b 3066 2920, 2870 1697 1597 1554 1496 v(C-Cl) Aro. = 1045

IX)c) 3062 2927 1716 1597 1573 1543 -

IX)d 3062 2927 1716 1597 1543 1496 v(0O-H) =3410

IX)e 3105, 3043 2927, 2850 1708 1600 overlap 1436 v(NO2) Asy. = 1527

v(NO2) Sy. = 1340

Synthesis of Schiff bases (VIII),_*°

A mixture of compound (VII) (Immol) with an aldehyde (1
mmol) in abs. EtOH (10 mL) and 3 drops of glacial acetic acid
was heated for (24) hours Evaporated the solvent, collected
the solid and recrystallized by using absolute ethanol to
afford the Schiff basses (VI1I),_.. The physical properties and
nomenclature for synthesized Schiff bases are given in Table 1.

Synthesis of 1,3-thiazolidin-4-one derivatives (IX),_.*!

To a Schiff bases (VIII),_. (0.5 mmol) in benzene (20 mL) was
added slowly mercaptoacetic acid (0.1 mL, 1 mmol). Then
left the mixture reaction refluxing with continuous stirring
for 24 hours in the water bath. The solid was filtered, washed
with distilled (H,0) and recrystallized with abs ethanol.
The nomenclature and physical properties for synthesized
1,3-thiazolidin-4-one derivatives are given in Table 2.

Biological Evaluation

Synthesized compounds have been screened for antibacterial
activities using agar well diffusion method.*? The compounds
were screened for antibacterial activity against (E. coli and
Klebsiella species) and (S. aureus and S. epidermidis) and
antifungal activity against (C. albicans) in Muller Hinton agar
medium. These sterilized agar media were poured into Petri-
dishes and allowed to solidify. On the surface of the media
microbial suspensions were spread with the help of sterilized
triangular loop. A stainless steel cylinder of 6 mm diameter
(pre-sterilized) was used to bore cavities. All the synthesized
compounds (0.01 M) were placed serially in the cavities with
the help of a micropipette and allowed to diffuse for 1-hour.
DMSO was used as a solvent for all the compounds and as a
control. These plates were incubated at 37°C for 24 hours for
antibacterial activities and at 25°C for 5 days for antifungal
activities. The zone of inhibition observed around the cups
after respective incubation was measured in mm.

RESULTS AND DISCUSSION

The aim of the present study is a synthesis of new heterocyclic
compounds starting from nicotinic acid, Scheme (I), which
is converted to ester (methyl nicotinate) by reaction of
nicotinic acid (I) with absolute methanol in the presence of
concentrated H,SO,. The ester was characterized by FT-IR
spectrum and melting point which exhibited the absorption
band at (1728 cm™) due to the carbonyl group (C=0) of ester.
Methyl nicotinate (II) reacted with an excess of hydrazine
hydrate (80%) in abs. ethanol to give acid hydrazide (III). Acid
hydrazide (IIT) was characterized by melting point and FT-IR
spectrum, which exhibited the absorption peaks at (3321 cm™)
belong to (N-H), (3205, 3155) cm™ for (NH,) and 1674 cm’!
due to (C=0) of amide. Acid hydrazide (III) treatment with
phenyl isothiocyanate in abs. ethanol to give thiosemicarbazide
(IV). Thiosemicarbazide (IV) was identified by melting point
and FT-IR spectrum. The FTIR spectrum revealed absorption
bands at (3163 cm™) for (N-H) groups, 1681 cm™ for (C=0)
amide and 1130 cm™ for (C=S).

Triazole (V) was prepared from cyclization of compound
(IV) by using NaOH (4M). The structure of triazole (V)
was confirmed by melting point, FT-IR, '"H-NMR and mass
spectra. The FT-IR spectrum exhibited the absorption bands
at 3101 cm™ for (NH) tautomer, 2561 cm™ for (S-H), (1627
and 1593) cm™! for (2C=N) of triazole ring and (1095) cm' for
(C=S) tautomer. The "H-NMR spectrum for compound (V)
showed the following signals: singlet signal at (4.52) ppm for
proton of (S-H) group, multiplet signals at (7.30—8.60) ppm for
aromatic proton and singlet signal at (11.1) ppm for proton of
(N-H) tautomer. The mass spectrum of compound (5) revealed
molecular ion [M*], m/z = 254. The characteristic FT-IR
spectra data for the compounds (II-V) were shown in Table 3.

Compound (VI) was prepared from triazole (V) reaction
with chloroacetic acid in distilled water as a solvent in basic
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Table 6: "HNMR data for the Schiff bases (VIII),, (VIII),, (VIIT),
and thiazolidinone dervatives (IX),, (IX), measured in DMSO-d4 and
chemical shift in ppm (3)

Compound no. Functional group o (ppm)
(VIID), DMSO 2.39-2.50

H,0 3.19-3.37

s, 2H, S-CH, 4.40

m, 9H, aromatic 7.23-7.58

s, |H, HC=N 7.72

d-d, 4H, aromatic 8.52-8.59
(VIID), DMSO 2.38-2.65

H,0 3.35

s, 6H, 2CH; 3.06

s, 2H, S-CH, 4.31

m, 9H, aromatic 6.51-7.70

d-d, 4H, aromatic 8.59

s, IH, HC=N 9.69
(VIID), DMSO 2.51

H,O 3.20-3.35

s, 2H, S-CH, 4.89

m, 9H, aromatic 6.59-8.17

d-d, 4H, aromatic 8.27-8.59

s, IH, HC=N 8.87
IX), DMSO 2.51

H,0 3.36

s, 2H, S-CH, 3.63

s, 2H, CH,CO 4.81

s, IH, HC-S 4.90

m, 9H, aromatic 7.21-7.96

d-d, 4H, aromatic 8.51-8.60
(IX), DMSO 2.51

H,O 3.36

s, 2H, S-CH, 3.64

s, 2H, CH,CO 4.39

s, IH, HC-S 4.62

m, 9H, aromatic 7.44-7.76

d-d, 4H, aromatic 8.57-8.60

medium. Compound (VI) was characterized by melting
point, FT-IR and 'H-NMR spectra. The FT-IR spectrum for
compound (VI) showed the following stretching vibration
bands: (3100-2542) cm™ due to (OH) group, (3043 cm™)
belong to (C-H) aromatic, (2951, 2810) for (C-H) aliphatic and
(1716 cm™) belong to carbonyl group (C=0) of carboxylic
acid and disappearance the peak at (2561) cm™ for (S-H).
The '"H-NMR spectrum in DMSO-dg for compound (VI)
revealed the following signals: singlet signal at (4.09) ppm for
two proton of CH,, multiplet signals at (7.40-8.66) ppm for
aromatic protons and singlet signal at (12.99) ppm for proton
of carboxylic acid.

Table 7: The inhibition zone of antibacterial activity for some
synthesized compounds

Compound no. S . aureus S. epidermidis E . coli K. species
DMSO - - - -
(IX), 13 - - -
(VI 14 12 - -
(IX)q 12 14 - -
(VIID), - 18 - -
VII - 13 - -
\Y - - - -

Note: Slight activity = (5—10) mm, Moderate activity = (11-15) mm,
High activity = (15 and more than 15) mm

Table 8: The inhibition zone (mm) of anti-fungal activity for some
synthesized compounds

Compound no. C. albicans
DMSO -

(IX)e 12

(vIhd 12

IX)d 12

(VII)e 13

VII 12

\% 11

Compound (VI) reacted with (NH,CSNHNH,) thiosemi-
carbazide in the entity of POCI; under reflux for 6 hours leaded
to the formation of amine (VII). Amine (VII) was identified by
melting point, FT-IR, 'TH-NMR and mass spectra. The FT-IR
spectrum of amine (VII) showed the following absorption
bands: at (3417, 3275) cm™ due to (NH,) group, (3055) cm!
for (C-H) aromatic, (2920, 2850) cm™ for aliphatic (C-H),
(1597) cm™ for (C=N) and (1573) cm™ for (C=C) aromatic. The
'H-NMR spectrum in DMSO-d, for amine (VII) exhibited the
following signals: singlet signal at 6 (4.38) ppm belong to two
proton of CH,, singlet signal at 3 (7.17) ppm due to two proton
of NH,, multiplet signal at § (7.41-8.60) ppm for the aromatic
protons. The mass spectrum of amine (VII) showed molecular
ion [M"-4], m/z = 372.

The new schiff bases were synthesized by refluxing
equimolar of aldehyde with amine (VII) in abs. EtOH with few
drops of (G.A.A\) glacial acetic acid. These new compounds
were confirmed by measurement melting points, FT-IR spectra
and '"H-NMR spectra for some schiff bases and the mass
spectrum for schiff base (VIII),. The FT-IR spectra for schiff
bases (VIII), . revealed the stretching vibration bands at (1701,
1685, 1697, 1681, 1705) cm™ belong to (C=N) azomethine
group and the disappearance of absorption bands at (3417,
3275) cm™! due to (NH,) group. The characteristic FT-IR
spectra data of schiff bases (VIII), . were illustrated in
Table 4 and the 'H-NMR data for compounds [(VIIT),, (VIIT),
and (VIII)] were given in Table 4. The mass spectrum of schiff
base(VIII), showed the molecular ion [M"-26], m/z = 474.

Thiazoldinone derivatives (IX), . were synthesized by
refluxing of schiff bases (VIII), . with mercaptoacetic acid in
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the presence of benzene as a solvent. The thiazolidinone deriva-
tives were recognized by FT-IR, "H-NMR spectra and melting
points for derivatives [(1X), and (IX),] and the mass spectrum
for compound (IX),. The FT-IR spectra for thiazolidinone
derivatives (IX),_, showed the following stretching vibration
bands at (1720, 1697, 1716, 1708) cm™ for belong to (C=0)
of lactam ring and disappearance of the absorption bands at
(1701, 1685, 1697, 1681, 1705) cm™ belong to (C=N) azome-
thine group for schiff bases (VIII),_ .. The characteristic FT-IR
spectra data of thiazolidinone derivatives (IX), . were listed in
Table 5 and the "H-NMR data for compounds [(I1X), and (IX),)]
were shown in Table 6. The mass spectrum of thiazolidinone
(IX), revealed the molecular ion [M'-100], m/z = 474.

Antibacterial Activity

The results of antibacterial activities of some synthesized
compounds for four microorganisms (S. aureus, S. epidermidis
and E. coli, Klebsiella species) were shown in Table 7 where
the inhibition zone measured in (mm) millimeters. The DMSO
was used as control. All tested compounds didn’t show any
antibacterial activity against (E. coli and Klebsiella species)
(G-). For S. aureus, compounds (VIIl, IX,, IX,) showed
moderate antibacterial activity against S. aureus, while
compounds (V, VII, VIIL) didn’t show any activity towards
this bacteria. Finally the tested compounds (V, V11, V111, IX,,
IX,) exhibited moderate activity towards S. epidermidis except
for compound (VIII,) revealed high activity.

Antifungal Activity

The prepared compounds were tested for their antifungal
efficiency versus C. albicans. The cultured results against the
growth of the fungi was listed in Table 8. All tested compounds
exhibited moderate activity against C. albicans.

CONCLUSION

The biological results indicated that all of these compounds did
not reveal antibacterial effectiveness against (Escherichia coli
and Klebsiella species) (G-). Some of these compounds showed
moderate antibacterial activity against (Staphylococcus aureus,
and Staphylococcus epidermidis) (G+), and all compounds
exhibited moderate activity against Candida albicans.
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