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ABSTRACT. A series of isonicotinyl hydrazones and their 4-thiazolidinones have been synthesized by condensation of
isonicotinic acid hydrazide with various aromatic aldehydes to yield Schiff’s bases, followed by the cyclocondensation of
Schiff’s bases with 2-mercaptoacetic acid to yield their 4-thiazolidinones. The synthesized compounds have been characterized by
their elemental, analytical and spectral studies. All these compounds were evaluated for their invitro antimicrobial activity
against a spectrum of non-resistant and resistant microbial organisms. These studies proved that compounds 5e,i against
B. subtilis; 5Se,f,h against B. anthracis; 5g,i against S. aureus showed good activity at lower concentrations. Compounds 5d-
5i displayed significant activity against resistant strain of K. pneumonia with minimum inhibitory potency in the concentration
range of 2-16 ug/ml.
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INTRODUCTION Thiazolidinones have also been reported as inhibitors of
bacterial enzyme Mur B, which is an important precursor
The treatment of infectious diseases still remains an in the biosynthesis of peptidogylcan of the bacterial cell
important and challenging problem. The search of novel wall. Several 5-(4-hydroxybenzylidene)-3-(4-methoxy-
antimicrobial agents still continues as the clinical use of benzyl)-2-(4-methoxybenzylimino)thiazolidin-4-one and
the existing antimicrobials has been limited by their relatively their corresponding 5-arylidine derivatives,® 2,3-disub-
high risk of toxicity, development of bacterial resistance stituted- 1,3-thiazolidin-4-one derivatives®! and N-[(2)-3-
and pharmacokinetic problems. Antibacterial resistance (4-alkyl/arylsubstituted)-4-oxo-1,3-thiazolidin-2-ylidene]-
to a drug can be counteracted by design of new derivatives of 2-(pyrazin-2-yloxy)-acetohydrazide®* compounds when
existing drugs. Further, pharmacokinetic properties and evaluated for antibacterial activity against the Gram-pos-
cellular permeability of a drug can also be modulated by itive and Gram-negative strains of bacteria, showed good
derivatization. Multi drug resistant organisms are becoming antibacterial activity. Bondock et al. reported some new 4-
common causes of infections in the acute and long term thiazolidinones synthesized from 1-chloro-3,4-dihydronaph-
care units in hospitals. The emergence of these resistant thalene-2-carboxaldehyde for their antimicrobial activ-
bacteria has created a major concern and there is an urgent ity.** Several researchers have also investigated the antifungal
need of development of newer antibacterial agents.' activity of several derivatives of 4-thiazolidinones.®
The literature indicates that the hydrazone group plays In the view of above mentioned findings and as con-
an important role for the antimicrobial activity. Further- tinuation of our efforts to identify new candidates that
more, a number of hydrazide-hydrazone derivatives have may be of value in designing new potent, selective, and
been claimed to possess interesting antibacterial-antifun- less toxic and less resistant antimicrobial agents, we report
gal>* anticonvulsant,’ antiinflammatory,® antimalarial’ herein in the present work the synthesis and antimicrobial
and antituberculosis activities.®’ screening of some new 4-thiazolidinone derivatives start-
The broad and potent activity of 4-thiazolidinones has ing from isonicotinic acid hydrazide.
established it as one of the biologically important scaf-
fold. 4-Thiazolidinone analogues possess wide spectrum RESULTS AND DISCUSSION
of biological activities, such as anti-inflammatory,'® anti-
convulsant,'’ antibacterial,'>"* antifungal,'*"” ischemic,'® Chemistry
FSH receptor agonist,'” anti-HIV'® and anticancer' activities. The synthetic strategies adopted to obtain the interme-
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Scheme 1. Microwave assisted synthesis of intermediate Schiff’s
bases of INH. Reagents and conditions: i. H O, MWI, Power
level 3(240 W, 35% irradiation).
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Scheme 2. Ultrasound assisted synthesis of 4-thiazolidinone ana-
logues using Schiff’s bases. Reagents and conditions: ii. Anhydrous
ZnCl,, molecular sieves [MS (1-2 gms, 3Ax1.5 mm)], THF, son-
ication.

diate and target compounds are illustrated in Scheme 1 and
2. The N'-[(Z)-(substituted aromatic)methylidene]pyri-
dine-4-carbohydrazide (3a-q) were prepared in excellent
yields in a one step reaction (Scheme 1) of isonicotinyl
hydrazone (INH,1) with various substituted aryl/het-
eroaryl aldehydes (2a-q) in water using our previously
reported microwave irradiation method. The microwave
method required shorter reaction times (6-9 mins for com-
pletion of reaction) with improved yields (87.5-98.76%)
as compared to the reported conventional methods. The
reported microwave methods were carried out in the pres-
ence of different organic solvents®*?° as compared to the
use of water as a solvent in our reported method. The syn-
thesized Schiff’s base intermediates were characterized
by the presence of strong band at 1531-1620 cm™ for the
N=C imino group. The "H-NMR spectra also showed a
signal equivalent to 1 proton for =CH group between 7.4-
9.48 ppm, confirming the formation of Schift’s bases. The
'H-NMR spectra also exhibited a signal between 7.01-
8.66 ppm for the N-H proton. Also, the *J coupling con-
stants of these two protons were almost negligible. How-
ever, the theoretical 3D optimisations of the synthesized
compounds 3a-q using ChemDraw Ultra 8.0, V-Life Molec-
ular Design Software Version 3.0 and ACD/ChemSketch
indicated that the bulky substituted phenyl and pyridine
carboxamide groups are at the same side of the N=C bond,
indicating the Z-configuration of the Schiff’s bases. The
Z-configuration will be further confirmed through NOE
(Nuclear Overhauser effect) experiments. However, in the
"H-NMR spectra of N-[(1Z, 2E)-3-phenylprop-2-en-1-
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ylidene]pyridine-4-carbohydrazide (3k), the coupling con-
stants of the two olefinic protons (C=C) is 16Hz which
states that the two olefinic protons locate on opposite sides
of the C=C bond. This indicates that the carbon-carbon
double bond in 3k possess E configuration.

The 4-thiazolidinones (5) were synthesized as per our
reported method of sonication. The key intermediate
Schiff’s bases (3a-n,p,q) on reaction with mercaptoacetic
acid in presence of anhydrous ZnCl, and molecular sieves
afforded the N-[2-(aryl/substituted aryl)-4-oxo-1,3-thiaz-
olidin-3-]|pyridine-4-carboxamides derivatives(5a-n,p,q)
containing the 4-thiazolidinone nucleus by sonication in
very high yield (80.3-96.8%) (Scheme 2) in shorter reac-
tion times (30-45 min for the completion of the reaction).

In the "TH-NMR spectra of all compounds of series 5, a
singlet signal equivalent to 1 proton between 5.22-7.51
ppm (C-2, CH) and a doublet of doublet signal equivalent
to 2 protons between 3.35-3.93 ppm; 3.14- 3.85 ppm (C-5,
CH,) was observed. This was considered to be a strong
confirmation of ring closure representing the formation of
thiazolidinone nucleus. In the IR spectra of the same com-
pounds, strong bands at 1708-1743cm" for the ring car-
bonyl group (C=0, cyclic) also confirmed the thiazolidinone
nucleus formation. The calculated J (coupling constant)
values in the range of 8-16 Hz justified the presence of the
geminal protons at the C-5 position of the thiazolidinone
ring. The elemental analysis results were within & 0.4% of
the theoretical values.

Antimicrobial activity

The anti-microbial activity of all compounds (3a-q; Sa-n,
p-q) were evaluated by broth dilution method using Mue-
ller-Hinton broth for bacteria and Sabouraud liquid
medium for fungi in the concentration range of 0.78-
100 ug/ml. The antimicrobial activity of all the screened
compounds, determined in terms of the minimum inhi-
bitory concentrations (MIC, pg/mL) are presented in
Table 1 and 2 respectively. Ampicillin and griseofulvin
were used as the standard drugs. The investigated inter-
mediate Schiff’s bases displayed very weak inhibition of
growth of both bacteria and fungi with MIC in the range of
125-1000 pg/mL. Among the synthesized hydrazones,
compounds 3o with a 2,5 dimethoxy substitution on the
aryl ring was found to be the most active compound in the
series (MIC: 125 pg/ml against S. aureus, E. coli, P. chry-
sogenum and A. terrus respectively). However, all the 4-
thiazolidinone derivatives showed improved inhibitory
activity than their respective Schift’s bases with MIC ran-
ging from 1.56-200 pg/mL against the tested bacterial
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Table 1. Antimicrobial activity of Schiff’s bases of INH

Minimum Inhibitory Concentration (MIC?) in pg/mL

Compounds Gram positive bacteria Gram negative bacteria Fungi
Bacillus  Staphylococ-  Bacillus  Escherichia  Klebsiella  Enterobactor Aspergillus — Aspergillus — Penicillium
subtilis cus aureus  anthracis coli pneumonia  aerogenes niger terrus  chrysogenum
3a-3i >250° >250° >250° >250° >250° >250° >250° >250° >250°
3j 250 >250° >250° 250 >250° >250° >250° >250° >250°
3k-31 >250° >250° >250° >250° >250° >250° >250° >250° >250°
3m >250° >250° 250 >250° >250° >250° >250° >250° >250°
3n >250 250 250 250 >250° 250 >250° 250 >250
3o 250 125 250 125 250 250 250 125 125
3p 250° 250 250 250 250 250 250 250 250
3q >250° >250 >250° >250° >250° >250° >250° >250° >250°
Amp° 3.13 3.13 3.13 3.13 3.13 3.13 - - -
Gre* - - - - - - 3.13 3.13 3.13

*MIC: Lowest concentration of an antimicrobial agent that significantly inhibits the visible growth of microorganism after a period of incubation.
®No inhibition upto a highest concentration of 250 pg/ml.
‘Amp: Ampicillin.

4Gre: Greseofulvin.

Table 2. Antimicrobial activity of synthesized 4-thiazolidinone analogues

Minimum Inhibitory Concentration (MIC®) in pg/mL

Compounds Gram positive bacteria Gram negative bacteria Fungi
Bacillus  Staphylococ-  Bacillus  Escherichia  Klebsiella  Enterobactor Aspergillus — Aspergillus  Penicillium
subtilis cus aureus  anthracis coli preumonia  aerogenes niger terrus  chrysogenum

5a 6.25 12.5 12.5 6.25 6.25 6.25 25 12.5 12.5
5b 50 25 6.25 50 12.5 12.5 12.5 25 12.5
5¢ 25 12.5 6.25 6.25 12.5 6.25 3.125 6.25 25
5d 12.5 6.25 6.25 6.25 12.5 6.25 12.5 12.5 6.25
Se 3.125 6.25 3.125 6.25 6.25 12.5 12.5 6.25 25
5f 25 12.5 3.125 6.25 6.25 6.25 6.25 6.25 12.5
5g 12.5 1.56 6.25 6.25 12.5 12.5 3.125 6.25 6.25
5h 6.25 12.5 3.125 25 6.25 12.5 12.5 12.5 12.5
5i 3.125 3.125 12.5 6.25 12.5 6.25 6.25 6.25 25
5j 50 100 25 200 200 100 200 200 50
5k 50 100 100 100 200 100 100 100 50
51 100 25 25 200 200 200 200 50 50
5m 12.5 6.25 6.25 12.5 12.5 12.5 12.5 25 25
5n 50 50 25 100 100 50 100 100 25
5p 25 50 50 100 100 100 100 50 50
5q 100 200 100 200 200 200 100 100 50

Amp® 3.13 3.13 3.13 3.13 3.13 3.13 - - -

Gre* -- - - - - - 3.13 3.13 3.13

“MIC: Lowest concentration of an antimicrobial agent that significantly inhibits the visible growth of microorganism after a period of incubation.
®No inhibition upto a highest concentration of 250 pug/ml.
“Amp: Ampicillin.

4Gre: Greseofulvin.

strains and 3.13-200 pg/mL against the tested fungal strains.

From the results obtained it was observed that the com-
pounds bearing electron withdrawing nitro substituent at
the para and ortho positions of phenyl groups as in N-[2-

(4-nitrophenyl)-4-oxo-1,3-thiazolidin-3-yl|pyridine-4-car-
boxamide (5f), and N-[2-(2-nitrophenyl)-4-oxo-1,3-thia-
zolidin-3-yl]pyridine-4-carboxamide (5g), was noteworthy
and exhibited good inhibitory activity with MIC of 3.13
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ng/ml for both compounds against the gram-positive bac-
terial strain B. anthracis as compared to the m-nitro iso-
mer 5g (MIC: 6.25 ng/ml). However the compound 5g
was found to possess highest antibacterial potency
towards S.aureus with MIC value 1.56 pg/ml. The intro-
duction of halogens such as fluorine at the para position
and chlorine at the meta position of the phenyl group in N-
[2-(4-fluorophenyl)-4-oxo0-1,3-thiazolidin-3-yl]pyridine-
4-carboxamide (5i) and N-[2-(3-chlorophenyl)-4-oxo-1,3-
thiazolidin-3-yl]pyridine-4-carboxamide(5e) exhibited
high activity against B.subtilis with MIC of 3.13 pg/ml
respectively.

The 4-thiazolidinones were found to be less active
against the tested gram-negative bacterial organisms with
MIC ranging from 6.25-200 pg/ml. Compound 5f with
the electron withdrawing nitro group at the para position
of the phenyl ring was the most active with MIC of 6.25
pg/ml against all the tested gram-negative strains. It was
also observed that compounds 5c (p-OH isomer) and 5g
(m-NO; isomer) showed comparatively good activity
against all the fungal strains (MIC: 3.13 pg/ml against
A.niger; 6.25 pg/ml against A.ferrus). Results confirmed
that the effectiveness of the 4-thiazolidinone derivatives
was governed in part by the substituents present on the
phenyl ring. The presence of electron withdrawing sub-
stituents like chloro and nitro group on the aryl ring was
found to contribute significantly to the antibacterial activ-
ity against the gram positive bacterial strains. Some of the
synthesized 4-thiazolidinones were found to be more
active as compared to the standard drugs, Ampicillin and
Griseofulvin against the tested microbial strains.

The most potent compounds 5d-5i were further evalu-
ated against drug resistant bacterial strains E.coli, S.
aureus and K. pneumonia obtained from clinical isolates
(Table 3). All the screened compounds showed minimum

Table 3. Antimicrobial activity of synthesized 4-thiazolidinone
analogues (5d-i) against resistant bacterial strains

Minimum Inhibitory Concentration (MIC?) in pg/mL

Compounds  Staphylococcus ~ Escherichia Klebsiella
aureus’™ coli* pneumonia®
5d 250 250 2
Se 250 250 4
5f 250 500 8
5¢ 125 125 4
5h 125 125 4
Si 250 500 16

MIC: Lowest concentration of an antimicrobial agent that signifi-
cantly inhibits the visible growth of microorganism after a period
of incubation

*Resistant strains obtained from clinical isolates.
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to moderate inhibition potency against resistant strains of
E.coli and S.aureus with MIC ranging from 125-200 pg/
ml. However, all the tested compounds exhibited signif-
icant inhibitory potency with MIC in the range of 2-16
pg/ml against K. pneumonia.

Conclusions

A new series of 4-thiazolidinones have been synthe-
sized from isonicotinic acid hydrazide employing green
route method of microwave irradiation and sonication
with good to excellent yields. The compounds showed
promising antimicrobial activity in vitro against both, the
non-resistant and resistant microbial strains and can be
further modified to exhibit better potency than the stan-
dard drugs. The structural and electronic diversity of these
compounds influenced their activity. It can be concluded
that this class of compounds certainly holds great promise
towards the pursuit to discover novel class of antimicro-
bial agents. Further studies to acquire more information
about quantitative structure-activity relationships and mech-
anistic mode of action are underway.

EXPERIMENTAL SECTION

Melting points (mp) were determined on a Veego melt-
ing point apparatus (VMP PM, 32/1104) and are uncor-
rected. Thin layer chromatography was carried out using
readymade silica gel plates (Merck). UV studies were car-
ried out on UV Visible spectrophotometer (Shimadzu
1700). IR spectra (KBr) were recorded on a FTIR spec-
trophotometer with Diffuse Reflectance attachment (Shi-
madzu 84008). "H-NMR spectra were obtained on NMR
Spectrophotometer (Bruker Avance 11 400 NMR) using
dimethyl sulphoxide-ds as the solvent. Chemical shifts
were expressed in parts per million relative to SiMe, as
internal standard. The mass spectra were obtained on a
Hewlett Packard Electron Impact mass spectrometer GCD-
1800A (70 eV EI source) using direct insertion probe and
Quadrapole TOF Mass spectrometer using electrospray
ionisation (Positive mode). Microanalyses were performed
on a Thermo Finnigan C, H, N analyzer. Chemicals were
obtained from Qualigens, Acros and Aldrich chemicals
Co. and used without further purification. All other sol-
vents, unless otherwise specified were of analytical reagent
grade or of the highest quality commercially available.

Chemistry

Synthesis of N'-[(Z)-(aryl/substituted aryl)methylidene]
pyridine-4-carbohydrazides (3a-q)

The synthesis of compounds (3a-q) was performed
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according to our previously reported procedure (Scheme
1).>° The crude product upon recrystallisation from alco-
hol gave the pure hydrazones of INH (3a-q). The synthe-
sized compounds were characterized by their M.P. and
spectral data (UV, IR, '"H NMR, MS, CHN).
"-[(Z)-phenylmethylidene]pyridine-4-carbohydrazide
(3a): White crystals, yield 86.7, mp 194-196 °C, IR (Vinax
cm’, KBr): 3197 (NH), 3028 (CH), 1693 (amide-1, C=0),
1600 (imine C=N); '"H NMR (400 MHz, DMSO-ds): &
ppm 9.44-9.53 (d, 2H, pyridine), 8.78-8.81 (d, 2H, pyri-
dine), 8.37 (s, 1H, NH), 7.57-7.89 (s, SH, aromatic), 7.43
(s, 1H, CH). MS: m/z 226.5 (M + H)". Anal. Calcd for
CisHiuNzO, (241.25): C, 64.72; H, 4.60; N, 17.42%,
Found: C, 64.51; H, 4.73; N, 17.60%.
N'-[(Z£)-(2-hydroxyphenyl)methylidene]pyridine-4-
carbohydrazide (3b): White crystals, yield 95.6, mp
262-264 °C, IR (Vmax, cm™', KBr): 3344 (-OH), 3178 (-
NH), 3004 (-CH), 1685 (amide-I, C=0), 1566 (imine
C=N). '"H NMR (400 MHz, DMSO-d¢): § ppm 11.0 (s,
OH), 8.8-8.9 (d, Pyridine 2H), 8.6-8.8 (d, Pyridine 2H),
8.7 (s, CH), 7.5-7.6 (d, AromaticlH), 8.6 (s, NH), 6.8-
7.0 (d, Aromatic 2H), 7.3-7.4 (m, Aromatic 1H). MS: m/
7 242.5(M + H)". Anal. Calcd for Ci3H N3O, (241.25):
C, 64.72; H, 4.60; N, 17.42%, Found: C, 64.51; H, 4.73;
N, 17.60%.
N'-[(Z£)-(4-hydroxyphenyl)methylidene]pyridine-4-
carbohydrazide (3c): Yellow powder, yield 94.5, mp
264-268 °C, IR (Vimax, cm™’, KBr): 3340 (-OH), 3213 (-NH),
3055 (-CH), 1662 (amide-I, C=0), 1608 (imine C=N). 'H
NMR (400 MHz, DMSO-dg): 6 ppm 11.5 (s, OH), 8.8-8.5
(d, Pyridine 2H), 8.4-8.3 (d, Pyridine 2H), 7.8 (s, CH), 8.0
(s, NH) 7.5-7.3 (d, Aromatic 2H), 7.0-6.8 (d, Aromatic
2H). MS: m/z 242.5(M+H)". Anal. Calcd for C13H; /N3O,
(241.25): C, 64.72; H, 4.60; N, 17.42%, Found: C, 64.57;
H, 4.52; N, 17.36%.
N'-[(Z)-(4-chlorophenyl)methylidene]pyridine-4-car-
bohydrazide (3d): White crystals, yield 98.1, mp 218-
221 °C, IR (Vmax, cm™, KBr): 3166 (-NH), 3020 (-CH),
1674 (amide-I, C=0), 1593 (imine C=N), 698 (-CI). 'H
NMR (400 MHz, DMSO-ds): & ppm 8.88-8.91 (d, Pyri-
dine 2H), 8.32 (s, CH), 8.65 (s, NH), 7.99-8.05 (d, Pyri-
dine 2H), 7.79-7.80 (d, Aromatic 2H), 7.50-7.51 (d, Aromatic
2H). MS: m/z 260.4(M+H)". Anal. Calcd for Ci3H;oCIN;O
(259.69): C, 60.12; H, 3.88; N, 16.18%, Found: C, 60.34;
H, 3.76; N, 16.13%.
N'-[(Z£)-(3-chlorophenyl)methylidene]pyridine-4-car-
bohydrazide (3e): White powder, yield 87.5, mp 253-258 °C,
IR (Viax, cm™, KBr): 3190 (-NH), 3021 (-CH), 1681 (amide-
I, C=0), 1600 (imine C=N) 686 (-Cl). '"H NMR (400

MHz, DMSO-ds): § ppm '"H NMR (400 MHz, DMSO-
ds): & ppm 8.70-8.90 (d, Pyridine 2H ), 8.44 (s, CH), 8.02
(s, NH), 7.71-7.72 (d, Pyridine 2H), 7.47 (s, Aromatic 1H),
7.35-7.37 (d, Aromatic 2H), 7.30-7.42 (m, Aromatic 2H).
MS: m/z 260.4 (M+H)". Anal. Calcd for Ci3H;0CIN;O
(259.69): C, 60.12; H, 3.88; N, 16.18%, Found: C, 60.22;
H, 3.7 8; N, 16.10%.

N'-[(Z)-(4-nitrophenyl)methylidene]pyridine-4-car-
bohydrazide (3f): Yellow powder, yield 90.7, mp 255-
257 °C, IR (Vinax, cm™', KBr): 3186 (-NH), 3001 (-CH), 1685
(amide-I, C=0), 1558 (imine C=N), 1334, 1512 (-NO»).
"H NMR (400 MHz, DMSO-d¢): & ppm 9.32-9.35 (d,
Pyridine 2H), 8.51-8.55 (d, Pyridine 2H), 8.34 (s, NH), 8.10
(s, CH), 7.89-7.93 (d, Aromatic 2H), 7.60-7.62 (d, Aromatic
2H).MS:m/z271.4 (M+H)+. Anal. Calcd for C13H1oN4Os
(270.24): C, 57.78; H, 3.73; N, 20.73%, Found: C, 58.07;
H, 3.68; N, 20.51%.

N'-[(Z£)-(3-nitrophenyl)methylidene]pyridine-4-car-
bohydrazide (3g): Yellow powder, yield 87.8, mp 195-
198 °C, IR (Vinax,em ™, KBr): 3218(-NH), 3083(-CH), 1695
(amide-1, C=0), 1612(imine C=N), 1353, 1531 (-NO,).'"H
NMR (400 MHz, DMSO-d¢): 6 ppm 9.03-8.78 (d, Pyri-
dine 2H), 7.81-7.88 (d, Pyridine 2H), 8.34 (s, NH), 8.60 (s,
Aromatic 1H), 8.58 (s, CH), 8.13-8.15 (d, Aromatic 1H),
8.03-8.05 (d, Aromatic 1H), 7.60-7.74 (m, Aromatic 1H).
MS: m/z271 .4(M+H)+. Anal. Caled for C13H10N403 (270.24)2
C, 57.78; H, 3.73; N, 20.73%, Found: C, 58.11; H, 3.63;
N, 20.61%.

N'-[(Z)-(2-Nitrophenyl)methylidene] pyridine-4-carbo-
hydrazide (3h): Yellow powder, yield 99.2, mp 229-
231 °C, IR (Vmax, cm™, KBr): 3193 (-NH), 3018 (-CH),
1677 (amide-I, C=0), 1552 (imine C=N), 1517, 1363 (-
NO2). 'H NMR (400 MHz, DMSO-ds): & ppm 9.04 (s
CH), 8.77-8.78 (d, Pyridine 2H), 8.62 (s, NH), 8.27-8.29
(d, Aromatic 1H), 8.04-8.06 (d, Aromatic 1H), 7.88-7.89
(d, Pyridine 2H), 7.70-7.74 (m, Aromatic 1H), 7.59-7.63
(m, Aromatic 1H). MS: m/z 271.5 (M+H)". Anal. Calcd
for C13H10N403 (270.24): C, 57.78; H, 3.73; N, 20.73%.
Found: C, 57.92; H, 3.66; N, 20.95%.

N'-[(Z)-(4-Flurophenyl)methylidene]pyridine-4-car-
bohydrazide (3i): White powder, yield 98.7, mp 189-190°C,
IR (Vmax, cm™', KBr): 3172 (-NH), 3064 (-CH), 1660 (amide-
I, C=0), 1568 (imine C=N), 1301 (C-F). '"H NMR (400
MHz, DMSO-dg): 4 ppm 8.75-8.76 (d, Pyridine 2H), 8.46
(s,CH), 8.05 (s,-NH), 7.83-7.84 (d, Pyridine 2H), 7.77-
7.80 (d, Aromatic 2H), 7.08-7.10 (d, Aromatic 2H). MS:
m/z 244.4 (M+H)+. Anal. Caled for Ci3HoFN;O (243.24)2
C, 64.19; H, 4.14; N, 17.28%. Found: C, 64.83; H, 4.52;
N, 18.02%.
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N'-[(Z)-(4-Methoxyphenyl)methylidene]pyridine-4-
carbohydrazide (3j): Off white powder, yield 90.98, mp
170-173 °C. IR (Vimax, cm™', KBr): 3157 (-N-H), 3037 (-CH),
2995 (-CH), 1665 (amide-I, C=0), 1598 (C=N), 1477 (-CH3).
'H NMR (400 MHz, DMSO-ds): 8 ppm 8.75-8.85 (d,
Pyridine 2H), 8.35 (s, -CH), 7.63-7.70 (d, Pyridine 2H, d,
Aromatic 2H), 7.4 (s, -NH), 6.84-6.89 (d, Aromatic 2H),
3.78 (s, -OCH; 3H). MS: m/z 256.5 (M+H)". Anal. Calcd
for Ci4Hi3N30, (255.27): C, 65.87; H, 5.13; N, 16.46%.
Found: C, 65.43; H, 5.64; N, 16.80%.

N'-[(1Z,2E)-3-phenylprop-2-en-1-ylidene|pyridine-
4-carbohydrazide (3k): Orange powder, yield 95.6, mp
204-206 °C. IR (Vinax, cm™', KBr): 3234 (-N-H), 3056 (-
CH), 2934 (-CH), 1676(amide-I, C=0), 1542(C=N), 1406
(alkene -CH). 'H NMR (400 MHz, DMSO-ds): & ppm
8.55-8.80 (d, Pyridine 2H), 8.16 (s, -CH), 7.70-7.80 (d,
Pyridine 2H), 7.28-7.40 (m, Aromatic 5H), 7.01 (s, -NH),
6.92-6.97 (m, Alkene HC=CH 2H). MS: m/z 252.4 (M+H)".
Anal. Calcd for CsH3N30 (251.28): C, 71.70; H, 5.21;
N, 16.72%. Found: C, 71.91; H, 5.19; N, 16.82%.

N'-[(Z)-(4-Hydroxy-3-methoxyphenyl)methylidene]-
pyridine-4-carbohydrazide (31): Yellow powder, yield
94.18, mp 226-228 °C. IR (Vmax, cm™, KBr): 3517 (O-H),
3218 (-N-H), 3064 (-CH), 2985 (Alkane -CH), 1664 (amide-
I, C=0), 1596 (C=N), 1568 (-N-H), 1068 (=C-O-C), 810,
881 (1,3,4-tri substituted alkene -CH). 'H NMR (400
MHz, DMSO-ds): 6 ppm 9.48 (s, -CH), 9.37 (s, -OH),
8.74-8.75 (d, Pyridine 2H), 8.36 (s, -NH), 7.82-7.83 (d,
Pyridine 2H), 7.37-7.38 (d, Aromatic 1H), 7.07-7.09 (d,
Aromatic 1H), 6.64-6.68 (d, Aromatic 1H), 3.87 (s, -CH3).
MS: m/z 272.4 (M+H)+. Anal. Calcd for Ci4H13N305
(271.27): C, 61.99; H, 4.83; N, 15.49%. Found: C, 62.17;
H, 4.92; N, 16.04%.

(Z)-N'-((Furan-2-yl)methylene)isonicotinohydrazide
(3m): Brownish powder, yield 92.09, mp 208-212°C. IR
(Vmax, cm™', KBr): 3271(-NH), 3051 (-CH), 1650 (amide-
I, C=0), 1620 (imine C=N), 1350 (C-O). '"H NMR (400
MHz, DMSO-dg): 6 ppm 8.91-8.89 (d, Pyridine 2H), 8.32
(s, CH), 8.18-8.13 (d, Pyridine 2H), 7.84 (s, -NH), 7.54-
7.52 (d, Furan 1H), 6.85-6.55 (m, Furan 2H), 5.97-5.92 (d,
Furan 1H). MS: m/z216.4 (M+H)'. Anal. Calcd for C1;HoN30,
(215.21): C, 61.39; H, 4.22; N, 19.53%. Found: C, 61.27;
H, 4.13; N, 19.64%.

N'-{(Z)-[4-(Dimethylamino)phenyl]methylidene}-pyri-
dine-4-carbohydrazide (3n): Yellow powder, yield 97.16,
mp 104-106°C. IR (Vinax, cm™’, KBr): 3153 (-N-H), 3045
(-CH), 2961 (-CH), 1664 (amide-I, C=0), 1604 (imine
C=N). '"HNMR (400 MHz, DMSO-ds): § ppm 8.73-8.72
(d, Pyridine 2H), 8.35 (s, CH), 8.07 (s, -NH), 7.82-7.84
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(d, Pyridine 2H), 7.62-7.60 (d, Aromatic 2H), 6.69-6.66
(d, Aromatic 2H), 3.07 (s, -CH3 6H). MS: m/z 269.5
(M+H)". Anal. Calcd for C15sH1sN4O (268.31): C, 67.15;
H, 6.01; N, 20.88%. Found: C, 67.58; H, 6.12; N,
21.13%.
N'-[(Z)-(2,5-Dimethoxyphenyl)methylidene]pyridine-
4-carbohydrazide (30): Brown crystals, yield 95.2, mp 185-
188 °C, IR (Vmax, cm™, KBr): 3190 (-NH), 3061 (-CH),
1654 (amide-1, C=0), 1550 (imine C=N), 1060 (O-CHj3).
'H NMR (400 MHz, DMSO-de): § ppm 8.89-8.92 (d,
Pyridine 2H), 8.22 (s, CH), 8.48 (s, NH), 8.11-8.15 (d,
Pyridine 2H), 7.5-7.8 (d of d, Aromatic 2H), 6.92 (s, Aro-
matic 1H), 3.92-4.12 (m, O-CH3). MS: m/z 286.5 (M+H)".
Anal. Calcd for C15H5N305 (285.3): C, 63.15; H, 5.30; N,
14.73%. Found: C, 63.49; H, 5.21; N, 14.84%.
N'-[(Z)-(5-nitrothiophen-2-yl)methylidene]pyridine-
4-carbohydrazide (3p): Brown powder, yield 90.3, mp
173-175°C, IR (Vmax, cm™’, KBr): 3390 (-NH), 3031 (-CH),
1674 (amide-I, C=0), 1531 (imine C=N), 1500, 1338 (-
NO2). 'H NMR (400 MHz, DMSO-ds): 8 ppm 8.76-8.79
(d, Pyridine 2H), 8.22 (s, CH), 8.06-8.07 (d, Pyridine 2H),
7.88-7.89 (d, Thiophene 1H), 7.36-7.37 (d, Thiophene 1H),
7.26 (s, NH). MS: m/z 277.5 (M+H)". Anal. Calcd for
CiiHsN4OsS (276.27): C, 47.82; H, 2.92; N, 20.28%.
Found: C, 48.09; H, 2.84; N, 20.24%.
N'-[(Z2)-(2-hydroxynaphthalen-1-I)methylidene]pyri-
dine-4-carbohydrazide (3q): Pale yellow powder, yield
89.1, mp 257-260 °C, IR (Vmax, cm™, KBr): 3240 (-OH),
3070 (-NH), 3020 (-CH), 1639 (amide-I, C=0), 1593 (imine
C=N), 1500. 'H NMR (400 MHz, DMSO-d¢): & ppm
8.80-8.81 (d, Pyridine 2H), 8.15-8.17 (d, Pyridine 2H),
8.04-6.87 (m, Aromatic 6H), 7.74 (s, CH), 8.26 (s, NH).
MS: m/z 292.5 (M+H)". Anal. Caled for Ci7H13N;0,
(291.30): C, 70.09; H, 4.50; N, 14.42%. Found: C, 70.17;
H, 4.54; N, 14.34%.
Synthesis of N-[2-(aryl/substituted aryl)-4-oxo-1,3-
thiazolidin-3-yl]pyridine-4-carboxamides (5a-n,p,q)
The 4-thiazolidinones (5a-n,p,q) were synthesized as
per our reported green route method of sonication
(Scheme 2).*' The crude product on recrystallisation from
alcohol yielded the pure 4-thiazolidinones of isonicoti-
noyl hydrazones (5a-n,p,q). The synthesized compounds
were characterized by their M.P., TLC (Ry values) and
spectral data (UV, IR, 1H NMR, MS, CNH).
N-(4-o0x0-2-phenyl-1,3-thiazolidin-3-yl)pyridine-4-car-
boxamide (5a): White powder, yield 92.0, mp 250-253 °C,
IR (Vinax, cm™', KBr): 3256 (NH), 3028 (CH), 1743 (ring
C=0), 1650 (amide C=0). '"H NMR (400 MHz, DMSO-
ds): & ppm 8.68-8.77(d, 2H, pyridine), 8.75 (s, 1H, NH),
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7.73-7.75 (d, 2H, pyridine), 7.69-7.71 (s, SH, aromatic),
5.96 (s, 1H, CH), 3.35- 3.40 (d, 1H, CH>), 3.24-3.29 (d,
1H, CH>). MS: m/z 299 (M )". Anal. Caled for CisH13N30,S
(299.35): C, 60.18; H, 4.38; N, 14.04%, Found: C, 59.82;
H, 4.42; N, 14.52%.
N-[2-(2-hydroxyphenyl)-4-oxo-1,3-thiazolidin-3-yl|pyri-
dine-4-carboxamide (5b): White powder, yield 89.7, mp
268-271°C, IR (Vinax, cm™', KBr): 3344 (OH), 3217 (NH),
3039 (CH), 1739 (ring C=0), 1697 (amide C=0). '"H NMR
(400 MHz, DMSO-d¢): & ppm 8.95-8.97 (d, 2H, pyri-
dine), 8.11-8.12 (d, 2H, pyridine), 7.45 (s, 1H, NH), 6.87-
7.47 (m, 4H, aromatic), 6.22 (s, 1H, OH), 5.69 (s, 1H,
CH), 3.47-3.48 (d, 1H, CH>»), 3.26-3.29(d, 1H, CH>). MS:
m/z 315(M )". Anal. Calcd for C15sH13N3058 (315.35): C,
57.13; H, 4.16; N, 13.33%, Found: C, 57.27; H, 4.12; N,
13.19%.
N-[2~(4-hydroxyphenyl)-4-oxo-1,3-thiazolidin-3-yl]pyri-
dine-4-carboxamide (5¢): Yellow powder, yield 90.2,
mp >290 °C, IR (Viay, cm™', KBr): 3445 (OH), 3217 (NH),
3052 (CH), 1724 (ring C=0), 1668 (amide C=0). 'H NMR
(400 MHz, DMSO-d¢): & ppm 8.75-8.77 (d, 2H, pyri-
dine), 8.06 (s, 1H, NH), 7.84-7.85 (d, 2H, pyridine), 7.73-
7.75 (d, 2H, aromatic), 7.29-7.34 (d, 2H, aromatic), 6.05
(s, 1H, CH), 5.36 (s, 1H, OH), 3.66- 3.70 (d, 1H, CH>),
3.54-3.59 (d, 1H, CHy). MS: m/z 315(M)". Anal. Caled
for C15H13N3O3S (315.35)2 C, 57.13; H, 4.16; N, 13.33%,
Found: C, 57.38; H, 3.92; N, 13.66%.
N-[2-(4-chlorophenyl)-4-0x0-1,3-thiazolidin-3-yl]pyri-
dine-4-carboxamide (5d): White crystals, yield 96.8, mp
239-242°C, IR (Vmax, cm™', KBr): 3159 (NH), 3082 (CH),
1728 (ring C=0), 1674 (amide C=0), 1083 (C-Cl). 'H
NMR (400 MHz, DMSO-dg): 6 ppm 8.75-8.77 (d, 2H,
pyridine), 8.07 (s, 1H, NH), 7.84-7.85 (d, 2H, pyridine),
7.73-7.75 (d, 2H, aromatic), 7.69-7.71 (d, 2H, aromatic), 6.05
(s, 1H, CH), 3.73-3.77 (d, 1H, CH), 3.60-3.64 (d, 1H,
CHz). MS: m/z 333(1\/[)+ Anal. Calcd for C15H12C1N302S
(333.79): C, 53.97; H, 3.62; N, 12.59%, Found: C, 55.02;
H, 3.89; N, 12.02%.
N-[2-(3-chlorophenyl)-4-o0xo0-1,3-thiazolidin-3-yl]pyri-
dine-4-carboxamide (5e): White crystals, yield 89.2, mp
215-218°C, IR (Vinay, cm™', KBr): 3070 (NH), 3024 (CH),
1708 (ring C=0), 1693 (amide C=0), 1076 (C-Cl). 'HNMR
(400 MHz, DMSO-d¢): & ppm 8.91-8.92 (d, 2H, pyri-
dine), 8.33 (s, 1H, NH), 8.14-8.16 (d, 2H, pyridine), 7.60
(s, 1H, aromatic), 7.56-7.88 (m, 3H, aromatic), 5.48 (s,
1H, CH), 3.42-3.46 (d, 1H, CH>»), 3.18-3.22 (d, 1H, CH.>).
MS: m/z333(M)". Anal. Calcd for CsH;2CIN;O,S (333.79):
C, 53.97; H, 3.62; N, 12.59%, Found: C, 54.31; H, 3.55;
N, 12.42%.

N-[2-(4-nitrophenyl)-4-0x0-1,3-thiazolidin-3-yl]pyri-
dine-4-carboxamide (5f): Yellow powder, yield 86.4, mp
263-266°C, IR (Vinay, cm™, KBr): 3120 (NH), 3060 (CH),
1720 (ring C=0), 1681 (amide C=0), 1519,1338 (-NO>).
'H NMR (400 MHz, DMSO-de): § ppm 9.07-9.02 (d, 2H,
pyridine), 8.73 (s, 1H, NH), 8.13-8.11 (d, 2H, pyridine),
7.95-7.93 (d, 2H, aromatic), 7.71-7.70 (d, 2H, aromatic),
5.91 (s, 1H, CH), 3.40- 3.35 (d, 1H, CH>), 3.31-3.26 (d, 1H,
CHz). MS: m/z 344(M)+. Anal. Calcd for CisH2N4O4S
(344.35): C, 52.32; H, 3.51; N, 16.27%, Found: C, 52.58;
H,3.68; N, 17.06%.

N-[2-(3-nitrophenyl)-4-0x0-1,3-thiazolidin-3-yl]pyri-
dine-4-carboxamide (5g): Yellow powder, yield 82.4, mp
249-252°C, IR (Vinax, cm™, KBr): 3159 (-NH), 3082 (-CH),
1728 (ring C=0), 1674 (amide I, -C=0), 1523,1350 (-NO»).
"HNMR (400 MHz, DMSO-de): & ppm 8.90-8.92 (d, 2H,
pyridine), 8.33 (s, 1H, NH), 8.14-8.16 (d, 2H, pyridine),
7.86-7.88 (m, 2H, aromatic), 7.56-7.60 (m, 2H, aromatic),
5.48 (s, 1H, CH), 3.42- 3.46 (d, 1H, CH>), 3.18-3.22 (d, 1H,
CHZ). MS: m/z 345.6(M+1)+. Anal. Calcd for C15H12N404S
(344.35): C, 52.32; H, 3.51; N, 16.27%, Found: C, 52.44;
H, 3.59; N, 16.16%.

N-[2-(2-nitrophenyl)-4-0x0-1,3-thiazolidin-3-yl] pyri-
dine-4-carboxamide (Sh): Yellow powder, yield 82.9, mp
255-258°C, IR (Vimax, cm™, KBr): 3180 (-NH), 3066 (-CH),
1712 (ring C=0), 1666 (amide I, -C=0), 1523, 1350 (-NOy).
"HNMR (400 MHz, DMSO-de): § ppm 8.81-9.02 (d, 2H,
pyridine), 8.73 (s, 1H, NH), 8.25-8.27 (d, 1H, aromatic),
8.05-8.07 (d, 2H, pyridine), 7.57-7.96 (m, 3H, aromatic),
6.38 (s, 1H, CH), 3.75- 3.79 (d, 1H, CH>), 3.22-3.26 (d, 1H,
CH,). MS: m/z 345.5M +1)+. Anal. Caled for CisHoN4O4S
(344.35): C, 52.32; H, 3.51; N, 16.27%, Found: C, 52.60;
H, 3.69; N, 16.33%.

N-[2-(4-fluorophenyl)-4-oxo-1,3-thiazolidin-3-yl] pyri-
dine-4-carboxamide (5i): Yellow powder, yield 94.2, mp
240-242°C, IR (Vinay, cm™, KBr): 3147 (-NH), 3082 (-CH),
1731 (ring C=0), 1666 (amide I, -C=0), 1222(-C-F). 'H
NMR (400 MHz, DMSO-d¢): § ppm 8.88-8.89 (d, 2H,
pyridine), 7.98-8.03 (d, 2H, pyridine), 7.66 (s, 1H, NH),
7.44-7.45 (d, 2H, aromatic), 7.05-7.06 (d, 2H, aromatic),
5.33 (s, 1H, CH), 3.37- 3.41 (d, 1H, CH»), 3.14-3.18 (d, 1H,
CHQ). MS: m/z 318.5(M+1)+. Anal. Calcd for C15H12FN3OZS
(317.34): C, 56.77; H, 3.81; N, 13.24%, Found: C, 56.82;
H, 3.87; N, 13.16%.

N-[2-(4-methoxyphenyl)4-oxo-1,3-thiazolidin-3-yl]pyri-
dine-4-carboxamide (5j): Brown powder, yield 90.3, mp
278-281°C, IR (Vinax, cm™, KBr): 3267 (-NH), 3040 (-CH),
1710 (ring C=0), 1658 (amide I, -C=0), 1448 (-CH;). 'H
NMR (400 MHz, DMSO-d¢): § ppm 8.74-8.75 (d, 2H,
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pyridine), 8.42 (s, 1H, NH), 7.83-7.85 (d, 2H, pyridine),
7.72-7.74 (d, 2H, aromatic), 6.93-6.95 (d, 2H, aromatic),
5.89 (s, 1H, CH), 3.82- 3.86 (d, 1H, CH»), 3.75-3.76 (d,
1H, CH>), 3.59 (s, 3H, -OCH3). MS: m/z 330.6(M+1)".
Anal. Calcd for C16H;sN30sS (329.37): C, 58.34; H, 4.59;
N, 12.76%, Found: C, 58.58; H,4.63; N, 12.80%.
N-{4-0x0-2-[(E)-2-phenylethenyl]-1,3-thiazolidin-3-
yl}pyridine-4-carboxamide (5k): Yellow powder, yield
87.2, mp 247-250°C, IR (Vimax, cm™', KBr): 3330 (-NH), 3010
(-CH), 1718 (ring C=0), 1660 (amide I, -C=0), 1392 (-
CH). "H NMR (400 MHz, DMSO-de): & ppm 8.75-8.76
(d, 2H, pyridine), 8.27 (s, 1H, NH), 7.84-7.85 (d, 2H, pyri-
dine), 7.30-7.52 (m, 5H, aromatic), 6.98-7.02 (d, 2H, alkene),
5.43 (s, 1H, CH), 3.69- 3.71 (d, 1H, CH,), 3.65-3.68 (d, 1H,
CHz). MS: m/z342.6 (M+1)+. Anal. Calcd for C18H19N303S
(341.43): C, 63.32; H, 5.61; N, 12.31%, Found: C, 63.49;
H,5.65; N, 12.33%.
N-[2-(4-hydroxy-3-methoxyphenyl)-4-oxo-1,3-thiaz-
olidin-3-yl]pyridine-4-carboxamide (5): Pale Yellow pow-
der, yield 80.3, mp 217-219 °C, IR (Vimax, cm™', KBr): 3400
(-OH), 3149(-NH), 3008 (-CH), 1710 (ring C=0), 1658
(amide I, -C=0), 1392(-OH). 'H NMR (400 MHz, DMSO-
de): 6 ppm 8.74-8.75 (d, 2H, pyridine), 8.38 (s, 1H, NH),
7.84-7.85 (d, 2H, pyridine), 7.42 (s, 1H, OH), 6.86-7.08
(m, 3H, aromatic), 5.85 (s, 1H, CH), 3.91 (s, 3H, -OCH3),
3.66-3.68 (d, 1H, CHy), 3.54-3.56 (d, 1H, CH>). MS: m/z
346.5 (M+1)". Anal. Calcd for C16H;5N304S (345.37): C,
55.64; H, 4.38; N, 12.17%, Found: C, 55.68; H, 4.47; N,
12.20%.
N-(2-furan-2-yl-4-oxo-1,3-thiazolidin-3-yl)pyridine-
4-carboxamide (Sm): Brown powder, yield 81.0, mp 198-
201°C, IR (Vimax, cm™', KBr): 3271(-NH), 3112 (furan-CH),
1714 (ring C=0), 1664 (amide I, -C=0), 1542, 1404 (Furan
ring C=C). "H NMR (400 MHz, DMSO-ds): § ppm 9.71-
9.70 (d, 2H, pyridine), 8.11 (s, 1H, NH), 7.80-7.83 (d, 2H,
pyridine), 6.41-7.45 (m, 3H, furfural ring), 5.99 (s, 1H,
CH), 3.90-3.94 (d, 1H, CH>»), 3.62-3.66 (d, 1H, CH>). MS:
m/z 290.4 (M+1)+. Anal. Calcd for C13H]]N303S (289.31)2
C, 53.97; H, 3.83; N, 14.52%, Found: C, 54.12; H, 3.88;
N, 14.61%.
N-{2-[4-(dimethylamino)phenyl]-4-oxo-1,3-thiazoli-
din-3-yl}pyridine-4-carboxamide (5n): Brown powder,
yield 81.6, mp 224-226°C, IR (Viax, cm™', KBr): 3434 (-NH),
3190 (-CH), 1720 (ring C=0), 1664 (amide I, -C=0),
1367 (-CH). "HNMR (400 MHz, DMSO-dg): § ppm 8.75-
8.76 (d, 2H, pyridine), 8.34 (s, 1H, NH), 7.85-7.86 (d, 2H,
pyridine), 7.69-7.71 (d, 2H, aromatic), 6.68-6.71 (d, 2H,
aromatic), 5.22 (s, 1H, CH), 3.91-3.93 (d, 1H, CH>), 3.84-
3.85 (d, 1H, CH,). MS: m/z 343.6 (M)". Anal. Calcd for
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C]7H]8N4OQS (34242) C, 5963, H, 530, N, 16.36%,
Found: C, 60.03; H, 5.41; N, 16.42%.

N-[2-(5-nitrothiophen-2-yl)-4-o0x0-1,3-thiazolidin-3-
yl]pyridine-4-carboxamide (5p): Blackish brown pow-
der, yield 94.3, mp 174-176 °C, IR (Vinax, cm™, KBr): 3120
(-NH), 3040 (-CH), 1712 (ring C=0), 1672 (amide I, -C=0),
1502, 1369 (-NO,).'HNMR (400 MHz, DMSO-ds): § ppm
8.77-8.78 (d, 2H, pyridine), 7.97 (s, 1H, NH), 7.85-7.86
(d, 2H, pyridine), 7.43-7.44 (d, 2H, Thiophene), 5.69 (s,
1H, CH), 3.53-3.54 (d, 1H, CH>»), 3.45-3.46 (d, 1H, CH>).
MS: m/z 351.5 (M+1)". Anal. Calcd for C;3H;oN4O4S;
(350.37): C, 44.56; H, 2.88; N, 15.99%, Found: C, 44.70;
H, 2.95; N, 16.04%.

N-[2-(3-hydroxynaphthalen-2-yl)-4-oxo-1,3-thiazolidin-
3-yl]pyridine-4-carboxamide (5q): Brown powder, yield
93.9, mp 258-260°C, IR (Vinax, cm™', KBr): 3480 (-OH),
3047 (-NH), 3010 (-CH), 1708 (ring C=0), 1665 (amide I,
-C=0), 1436 (-OH). 'H NMR (400 MHz, DMSO-ds): &
ppm 10.85 (s, 1H, OH), 8.67-8.69 (d, 2H, pyridine), 7.96
(s, 1H, NH), 8.03-8.05 (d, 2H, pyridine), 7.82-7.84 (m,
2H, aromatic), 7.61-7.63 (m, 1H, aromatic), 7.59-7.63 (m,
1H, aromatic), 7.40-7.44 (d, 1H, aromatic), 5.95 (s, 1H,
CH), 3.53-3.54(d, 1H, CH>»), 3.47-3.48 (d, 1H, CH,). MS:
m/z366.6(M+1)". Anal. Calcd for C1oH;sN303S (365.41):
C, 62.45; H, 4.14; N, 11.50%, Found: C, 62.58; H, 4.18;
N, 11.60%.

Antimicrobial activity

The antimicrobial susceptibility testing of the synthe-
sized compounds (3a-q;5a-n,p-q) were assayed in vitro by
the two-fold broth dilution technique.*> The microbial
strains selected for the study include B. subtilis (ATCC
9372, NCIM 2951), B. anthracis (ATCC 14579, NCIM
B9373), S. aureus (ATCC 6538P, NCIM 2079), E. coli
(ATCC 9637, NCIM2563), E.aerogenus (NCIM 5139), P.
aeroginosa (ATCC 19429, NCIM 2036), A. niger (ATCC
10864, NCIM 616), P. chrysogenum (ATCC 10002, NCIM
738) and A. terrus ATCC10020, NCIM657) procured from
the National Collection of Industrial Microorganisms
(NCIM), Pune, India. Test drug solutions were dissolved
in dimethylsulfoxide and then diluted in culture medium
(Mueller-Hinton Broth for bacteria and Sabouraud Liquid
Medium for fungi) to obtain final concentrations in the
range of 0.78-1000 pg/mL and then assayed to determine
the minimal inhibitory concentration (MIC, pg/mL). The
amount of inocula was 5%10* bacteria/mL and 1x10° fungi/
mL. The MIC’s were read after incubation at 37+0.5° for
antibacterial activity for 24 h and 48 h at 28+0.5° for anti-
fungal activity. Ampicillin and griseofulvin were employed
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as reference antibacterial and antifungal agents, respec-
tively.

The most potent compounds were further evaluated for
their activity against resistant strains of E.coli, S.aureus
and K. pneumonia obtained from clinical isolates.
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