
Abstract. – A new series of novel 3-azabi-
cyclic spiro 1’,2’,4’-triazolidin-3’-thiones 15-21
catalyzed by potassium superoxide under mi-
crowave irradiation have been synthesized and
studied for their in vitro microbiological evalua-
tion on clinically isolated bacterial strains name-
ly Micrococcus luteus, Bacillus subtilis, Bacillus
cereus, Pseudomonas aeuroginosa and fungal
strains namely Aspergillus niger, Candida albi-
cans, Candida 6 and Candida 51. Results of the
in vitro microbiological evaluation of the synthe-
sized compounds are discussed.
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Introduction

Currently, bacterial and fungal resistance is
combated by the discovery of new drugs. Howev-
er, microorganisms are becoming resistant more
quickly than new drugs are being found. Thus,
future research in antimicrobial therapy may fo-
cus on finding how to overcome resistance to an-
timicrobials, or how to treat infections with alter-
native means. Due to an increase in the number
of immuno-compromised hosts1, over the past
decades, the incidence of systemic microbial in-
fections has been increasing dramatically. The in-
creasing incidence of bacterial resistance to a
large number of antibacterial agents such as gly-
copeptides (vancomycin, inhibition cell walls
synthesis), sulfonamide drugs (inhibitors of
tetrahydrofolate synthesis), β-lactam antibiotics
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(penicillins and cephalosporins), nitroimidazoles
and quinolones (DNA inhibitors), tetracyclins,
chloramphenicol and macrolides (erythromycin,
inhibiting protein synthesis) is becoming a major
concern2. For the past several years, vancomycin
has been considered the last line of defense agent
against Gram-positive infections and no alterna-
tive drugs for treating diseases that have become
resistant to vancomycin3. Patients undergoing or-
gan transplants, anticancer chemotherapy or long
treatment with antimicrobial agents and patients
with AIDS are immuno suppressed and very sus-
ceptible to life threatening systemic fungal infec-
tions like Candidiasis, Cryptococcosis and As-
pergillosis. Antifungal azoles, fluconazole and
itraconazole which are strong inhibitors of lanos-
terol 14α-demethylase (cytochrome P45014DM)
and orally active have been widely used in anti-
fungal chemotherapy. Reports are available on
the developments of resistance to currently avail-
able antifungal azoles in Candida spp., as well as
clinical failures in the treatment of fungal infec-
tions4-7. Furthermore, most of the present antifun-
gal drugs are not effective against invasive As-
pergillosis and the only drug of choice in such
patients is the injectable amphotericin B. 

The development of simple synthetic routes
for widely used organic compounds from readily
available reagents is one of the major tasks in or-
ganic synthesis. Nowadays, the one pot methods
are popular in synthetic organic chemistry for the
synthesis of heterocyclic compounds. The one
step methods are more convenient as compared
with multistep, since they require shorter reaction
time and give higher yield with easy workup.
Green chemistry encourages the design of prod-
ucts and processes that reduce or eliminate the
use and generation of hazardous substances.
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Materials and Methods

Chemistry
Performing TLC assessed the reactions and

the purity of the products. All the reported melt-
ing points were taken in open capillaries and
were uncorrected. Biotage Initiator microwave
synthesizer (Uppsala, Sweden) a scientific mi-
crowave oven was used for the irradiation. IR
spectra were recorded in KBr (pellet forms) on a
Thermo Nicolet Avatar 330 FT-IR spectropho-
tometer and note worthy absorption values (cm-1)
alone are listed. 1H and 13C NMR spectra were
recorded at 400 MHz and 100 MHz respectively
on Bruker AMX 400 NMR spectrometer using
dimethyl sulfoxide (DMSO)-d as solvent. The
ESI +ve MS spectra were recorded on a Bruker
Daltonics LC-MS spectrometer. Satisfactory mi-
croanalysis was obtained on Carlo Erba 1106
CHN analyzer (Milan, Italy).

By adopting the literature precedent9,17, 2,4-di-
aryl-3-azabicyclo[3.3.1]nonan-9-ones 1-7 and
2,4-diaryl-3-azabicyclo[3.3.1]nonan-9-one thio
semicarbazones 8-14 were prepared.

Typical procedure for the synthesis of 2,4-di-
aryl-3-azabicyclo[3.3.1]nonan-9,5’-spiro-
1’,2’,4’-triazolidin-3’-thiones catalyzed by
KO2 under microwave irradiation 15.

A mixture containing 0.001 mole of 2,4-diaryl-
3-azabicyclo[3.3.1]nonan-9-one 1, 0.001 mole of
thiosemicarbazide, and KO2 (0.0003 mole) was
placed in a glass vial and then irradiated in a mi-
crowave oven for 180 s at 320W (monitored by
TLC). After completion of the reaction, the reac-
tion mixture was extracted with ethyl acetate (3×5
mL). The catalyst and other solid wastes were re-
moved by filtration. The organic layer was
washed with excess of water and dried over anhy-
drous sodium sulfate. After evaporation of the
solvent under reduced pressure, a gummy mass
was obtained, which was solidified on treatment
of petroleum ether (bp40-60). Final purification
of 2,4-diaryl-3-azabicyclo[3.3.1]nonan-9,5’-
spiro-1’,2’,4’-triazolidin-3’-thione 15 was done
by column chromatography using silica gel (100-
200 mesh), with ethyl acetate -Petroleum ether
(bp40-60) in the ratio (2:8) as eluent. IR (KBr)
(cm-1): 3439, 3350, 3150, 2925, 2858, 1637,
1383, 1208, 704, 613; 1H NMR (δ ppm): 1.21-
1.65 (m, 4H, H-3, 6 & 8), 2.31-2.44 (m, 2H, H-1
& 5), 2.60-3.14 (m, 2H, H-7), 4.17 (d, 2H, H-2 &
4, J=7.2Hz), 7.24-7.58 (m, 10H, Harom), 8.04 (s,

Potassium superoxide8, a rare salt of the super-
oxide ion is produced by burning molten potassi-
um in pure oxygen. Potassium superoxide is used
as an oxidizing agent in industrial chemistry, as a
CO2 scrubber, H2O dehumidifier and O2 genera-
tor in rebreathers, spacecraft and spacesuit life
support systems. Superoxide anion radical (O2

•),
is a reactive oxygen species and plays a number
of role in various life processes9. From chemical
viewpoint, it is multipotent reagent10 and is
achieved using chemical or electrochemical
method. KO2 is used as a catalyst for a variety of
organic transformations including the synthesis
of 1,4-addition product by the addition of ni-
troalkanes to α, β-unsaturated enones11, oxidative
regeneration of carbonyl compounds from their
oximes12, reactivity pattern of 2-oxazolin-5-
ones13 and deprotection of 1,3-dithiolanes of car-
bonyl compounds14.

Heterocycles are ubiquitous to among pharma-
ceutical compounds15.

Synthesis of 3-azabicyclo[3.3.1]nonanes16,17

are of interest owing to their biological impor-
tance. The diazabicyclo[3.3.1]nonan-9-one skele-
ton is present in the lupin alkaloids, and their de-
rivatives possess important biological activi-
ties18,19 including antibacterial, antifungal, antiar-
rhythmic, calcium antagonist, antiphlogistic and
antithrombic, calcium antagonistic, neuroleptic
and hypotensive properties.

The 1,2,4-triazole nucleus20-23 has been incor-
porated in a wide variety of therapeutically inter-
esting drugs including H1/H2 histamine receptor
blockers, cholinesterase active agents, central
nervous system (CNS) stimulants, anti anxiety
agents, sedatives, analgesics, and anti convul-
sants.

These observations places new emphasis on
the need of as well as search for alternative new
and more effective antimicrobial agents with a
broad spectrum. Recently, we exploited the syn-
thesis of 2,6-diarylpiperidin-4-one derivatives24-28

with a view to incorporate various other bioactive
heterocyclic nucleus such as 1,2,3-selenadia-
zoles, 1,2,3-thiadiazoles, diazepans, 1,2,4,5-
tetrazinan-3-thiones and indazoles intact for eval-
uation of associated antibacterial and antifungal
activities. In the interest of above, we planned to
synthesize a system, which comprises both 2,4-
diaryl-3-azabicyclo[3.3.1]nonan-9-ones and
1,2,4-triazolidin-3-thione components together to
give a compact structure like title 2,4-diaryl-3-
azabicyclo[3.3.1]nonan-9,5’-spiro-1’,2’,4’-tria-
zolidin-3’-thiones under microwave irradiation. 
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2 , 4 - b i s ( p - m e t h y l p h e n y l ) - 3 - a z a b i c y -
clo[3.3.1]nonan-9,5’-spiro-1’,2’,4’-triazolidin-
3’-thione 20 IR (KBr) (cm-1): 3447, 3360, 2962,
2927, 1667, 1301, 1251, 834, 750; 1H NMR (
ppm): 1.21-1.73 (m, 4H, H-3, 6 & 8), 2.31-2.38
(m, 2H, H-1 & 5), 2.50 (s, 3H, CH3 at phenyl
rings), 2.76-3.37 (m, 2H, H-7), 4.16 (d, 2H, H-2
& 4, J=7.5Hz), 7.19-7.68 (m, 8H, Harom), 8.05 (s,
1H, NH at position 4’), 10.71 (s, 2H, NH at posi-
tion 1’ & 2’); 13C NMR (δ ppm): 64.7 C-2 & 4,
53.4 C-1 & 5, 28.8 C-6 & 8, 20.9 C-7, 20.7 CH3

at phenyl ring, 80.0 C-9, 182.0 C=S, 143.5, 159.6
ipso-C, 126.6-139.9 –Carom.

2 ,4 -b i s (p -me thoxypheny l ) -3 -azab icy -
clo[3.3.1]nonan-9,5’-spiro-1’,2’,4’-triazolidin-
3’-thione 21 IR (KBr) (cm-1): 3464, 3420, 3147,
2924, 2854, 1628, 1349, 1080, 737, 677; 1H
NMR (δ ppm): 1.14-1.74 (m, 4H, H-3, 6 & 8),
2.27-2.51 (m, 2H, H-1 & 5), 2.73-3.36 (m, 2H,
H-7), 3.80 (s, 3H, OCH3 at phenyl rings), 4.15 (d,
2H, H-2 & 4, J=7.3Hz), 6.97-7.68 (m, 8H, Harom),
8.05 (s, 1H, NH at position 4’), 10.70 (s, 2H, NH
at position 1’ & 2’); 13C NMR (  ppm): 64.6 C-2
& 4, 54.9 C-1 & 5, 28.9 C-6 & 8, 20.8 C-7, 55.2
OCH3 at phenyl ring, 80.2 C-9, 180.9 C=S,
143.1, 148.1 ipso-C, 126.7-135.8 –Carom.

Microbiology

Materials
All the clinically isolated bacterial strains

namely Micrococcus luteus, Bacillus subtilis,
Bacillus cereus, Pseudomonas aeruginosa and
fungal strains namely Aspergillus niger, Candida
albicans, Candida 6 and Candida 51 are ob-
tained from Faculty of Medicine, Annamalai
University, Annamalainagar-608 002, Tamil
Nadu, India.

In Vitro Antibacterial and 
Antifungal Activity

The in vitro activities of the compounds were
tested in Sabourauds dextrose broth (SDB) (Hi-
media, Mumbai, India) for fungi and nutrient
broth (NB) (Hi-media, Mumbai) for bacteria by
two-fold serial dilution method31. The respective
test compounds 22-28 were dissolved in di-
methylsulfoxide to obtain 1 mg ml-1 stock solu-
tion. Seeded broth (broth containing microbial
spores) was prepared in NB from 24 h old bacter-
ial cultures on nutrient agar (Hi-media, Mumbai)
at 37 ± 1 °C while fungal spores from 1 to 7 days
old Sabourauds agar (Hi-media, Mumbai) slant

1H, NH at position 4’), 10.62 (s, 2H, NH at posi-
tion 1’ & 2’), 13C NMR (δ ppm): 64.7 C-2 & 4,
53.3 C-1 & 5, 28.3 C-6 & 8, 21.2 C-7, 80.1 C-9,
182.3 C=S, 143.3 ipso-C, 121.2-128.2 –Carom.

The compounds 16-21 were synthesized corre-
spondingly.

2 , 4 - b i s ( p - f l u o ro p h e n y l ) - 3 - a z a b i c y -
clo[3.3.1]nonan-9,5’-spiro-1’,2’,4’-triazolidin-
3’-thione 16 IR (KBr) (cm-1): 3429, 3298, 3061,
2965, 2926, 2851, 1637, 1260, 751, 706; 1H
NMR (δ ppm): 1.21-1.71 (m, 4H, H-3, 6 & 8),
2.32-2.41 (m, 2H, H-1 & 5), 2.77-3.39 (m, 2H,
H-7), 4.10 (d, 2H, H-2 & 4, J=7.4Hz), 7.78-8.81
(m, 8H, Harom), 8.08 (s, 1H, NH at position 4’),
10.77 (s, 2H, NH at position 1’ & 2’); 13C NMR
(  ppm): 64.9 C-2 & 4, 53.5 C-1 & 5, 28.8 C-6
& 8, 21.6 C-7, 80.3 C-9, 182.7 C=S, 143.8, 161.2
ipso-C, 128.7-140.1 –Carom.

2 , 4 - b i s ( p - c h l o ro p h e n y l ) - 3 - a z a b i c y -
clo[3.3.1]nonan-9,5’-spiro-1’,2’,4’-triazolidin-
3’-thione 17 IR (KBr) (cm-1): 3427, 3300, 3065,
2962, 2927, 2855, 1641, 1259, 755, 704; 1H
NMR (δ ppm): 1.20-1.69 (m, 4H, H-3, 6 & 8),
2.30-2.39 (m, 2H, H-1 & 5), 2.76-3.36 (m, 2H,
H-7), 3.89 (d, 2H, H-2 & 4, J=7.4Hz), 7.69-8.72
(m, 8H, Harom), 8.01 (s, 1H, NH at position 4’),
10.76 (s, 2H, NH at position 1’ & 2’); 13C NMR
(δ ppm): 65.2 C-2 & 4, 53.2 C-1 & 5, 27.8 C-6 &
8, 21.2 C-7, 80.2 C-9, 182.2 C=S, 143.5, 157.2
ipso-C, 128.4-139.6 –Carom.

2 , 4 - b i s ( p - b ro m o p h e n y l ) - 3 - a z a b i c y -
clo[3.3.1]nonan-9,5’-spiro-1’,2’,4’-triazolidin-
3’-thione 18 IR (KBr) (cm-1): 3457, 3311, 3170,
3025, 2929, 2558, 1643, 1245, 815, 712; 1H
NMR (δ ppm): 1.11-1.73 (m, 4H, H-3, 6 & 8),
2.35-2.54 (m, 2H, H-1 & 5), 2.79-3.37 (m, 2H,
H-7), 4.21 (d, 2H, H-2 & 4, J=7.3Hz), 7.25-7.91
(m, 8H, Harom), 8.13 (s, 1H, NH at position 4’),
10.78 (s, 2H, NH at position 1’ & 2’); 13C NMR
(  ppm): 64.9 C-2 & 4, 55.5 C-1 & 5, 28.3 C-6
& 8, 21.6 C-7, 80.6 C-9, 181.9 C=S, 143.4, 148.7
ipso-C, 126.9-142.1 –Carom.

2 , 4 - b i s ( p - n i t r o p h e n y l ) - 3 - a z a b i c y -
clo[3.3.1]nonan-9,5’-spiro-1’,2’,4’-triazolidin-
3’-thione 19 IR (KBr) (cm-1): 3450, 3307, 3169,
3022, 2926, 2557, 1639, 1247, 816, 702; 1H
NMR (δ ppm): 1.13-1.76 (m, 4H, H-3, 6 & 8),
2.36-2.54 (m, 2H, H-1 & 5), 2.78-3.38 (m, 2H,
H-7), 4.18 (d, 2H, H-2 & 4, J=7.8Hz), 7.19-7.89
(m, 8H, Harom), 8.15 (s, 1H, NH at position 4’),
10.80 (s, 2H, NH at position 1’ & 2’); 13C NMR
(δ ppm): 64.6 C-2 & 4, 55.1 C-1 & 5, 28.1 C-6 &
8, 21.4 C-7, 80.1 C-9, 181.5 C=S, 143.0, 148.1
ipso-C, 120.9-145.5 –Carom.
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cultures were suspended in SDB. The colony
forming units (cfu) of the seeded broth were de-
termined by plating technique and adjusted in the
range of 104-105 cfu/mL. The final inoculums
size was 105cfu/mL for antibacterial assay and
1.1-1.5×102 cfu/mL for antifungal assay. Testing
was performed at pH 7.4±0.2 for bacteria (NB)
and at a pH 5.6 for fungi (SDB). Exactly 0.4 mL
of the solution of test compound was added to
1.6 mL of seeded broth to form the first dilution.
One milliliter of this was diluted with a further 1
mL of seeded broth to give the second dilution
and so on till six such dilutions were obtained. A
set of assay tubes containing only seeded broth
was kept as control. The tubes were incubated in
BOD incubators at 37±10C for bacteria and 72-
96 h for fungi. The minimum inhibitory concen-
trations (MICs) were recorded by visual observa-
tions after 24 h (for bacteria) and 72-96 h (for
fungi) of incubation. Ciprofloxacin was used as
standard for bacteria studies and Fluconazole
was used as standard for fungal studies.

Results and Discussion

Chemistry
The classical method available for the synthe-

sis of 1,2,4-triazolidin-3-thione and their deriva-
tives is from aldehyde/ketone thiosemicar-
bazones and also from substituted thiosemicar-
bazide by cyclization using suitable reagents
[29]. Earlier MnO2, FeCl3.6H2O, m-chloroper-
benzoic acid and H2O2 had been used for the syn-
thesis of such compounds by the oxidative cy-
clization of thiosemicarbazones. A lot of prob-
lems are associated with above synthesis, such as
severe conditions, low to moderate yields for the
reaction, usage or organic solvents like chloro-
form and difficulty in separating the products
from the system. The schematic representation
and the analytical data of compounds 15-21 are
given in Figure 1 and Table I, respectively. Cy-
clocondensation reaction of respective ketone,
aldehyde and ammonium acetate in the ratio of
1:2:1, respectively afforded the formation of 2,4-
diaryl-3-azabicyclo[3.3.1]nonan-9-ones 1-7. 2,4-
diaryl-3-azabicyclo[3.3.1]nonan-9-ones 1-7 are
converted into their thiosemicarbazones 8-14 and
are eventually oxidative cyclized with KO2 under
focussed monomode scientific microwave oven
to afford 2,4-diaryl-3-azabicyclo[3.3.1]nonan-
9,5’-spiro-1’,2’,4’-triazolidin-3’-thiones 15-21. 

High product yields with shorter time period
in dry media under MW irradiation than the clas-
sical method are achieved and the results are
shown in Table I. KO2 catalyst was shown to be
one of the most efficient MW absorber with a
very high specificity to MW heating. Mere
0.0003 mole of KO2 catalyst to 0.001 moles of
substrates is the most acceptable ratio in terms of
efficiency and safety; a power level of 320 watts
is the most suitable one. The same reaction is al-
so tried with 0.0005, 0.0004, 0.0001 mole KO2

catalyst and the yields are 60, 50, 25% respec-
tively. Hence 0.0003 mole is the optimum
amount of catalyst to be used for the reaction in
high yields (85%). Also, the present dry media
procedure eliminates the usage of chloroform30

for the formation of respective 1,2,4-triazolidin-
3-thiones. 

The structure of the newly synthesized com-
pounds 15-21 is confirmed by melting point, ele-
mental analysis, MS, FT-IR, one-dimensional
NMR (1H & 13C) spectroscopic data. FT-IR spec-
trum of compound 15 exhibits characteristic NH
bands in the region of 3439-3350 cm-1. In addi-
tion, C=S stretching frequency appears around
1208-1246 cm-1 and N-N band near 1452 cm-1

are more evident for the formation of compound
15. In the 1H NMR spectrum of compound 15, a
doublet centered at 4.17 ppm is due to benzylic
protons H-2 and H-4. The multiplet appears in
the region 2.60-3.14 ppm is due to the alicyclic
proton, H-7. The multiplet observed in the region
of 2.13-2.44 is due to the bridge head protons, H-
1 and H-5. The alicyclic protons H-6 and H-8 ap-
peared as a multiplet in the region of 1.21-1.65
ppm. The N-H proton at position 3 is merged
with the H-6 and H-8 protons. A singlet at 8.04
ppm is due to NH protons at position 4’ and
(NH2)C=S protons are observed as a singlet at
10.62 ppm. Aromatic protons appeared as a mul-
tiplet in the region of 7.24-7.58 ppm. In the 13C
NMR spectrum of compound 15, an absorption
at 53.31 ppm is assigned to bridge head carbons
C-1 and C-5. The alicyclic carbon C-6 and C-8
are observed at 28.31 ppm. The 13C resonance at
64.73 ppm is due to benzylic carbons C-2 and C-
4. The alicyclic carbon at C-7 is observed at
21.26 ppm. C-9 carbon appeared at 80.14 ppm.
The chemical shift value at 182.39 ppm is as-
signed to C=S carbon. The 13C resonance at
143.34 ppm is assigned to ipso carbons of two
phenyl substituents at C-2 and C-4. The aromatic
carbons appeared in the region of 121.26-128.23
ppm.
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The respective thiosemicarbazones 7-14 are
believed to be the intermediates in the reaction,
but we are unable to isolate the respective
thiosemicarbazones. To confirm the formation of
thiosemicarbazones as intermediates, we ran the
reaction with respective thiosemicarbazones,
KO2 catalyst under microwave irradiation at P =
320 W. As we expected, the thiosemicarbazones
gave the title compounds 15-21 quantitatively. A
free radical mechanism, assisted by microwaves
(Figure 2) has been proposed for the conversion
of thiosemicarbazones generated in situ from
their carbonyl precursors to 2,4-diaryl-3-azabicy-
clo[3.3.1]nonan-9,5’-spiro-1’,2’,4’-triazolidin-
3’-thiones 15-21 in the presence of KO2 catalyst.

New 3-azabicyclic spiro 1’,2’,4’-triazolidin-3’-
thiones derivatives 15-21 were tested for their an-
tibacterial activity in vitro against Micrococcus lu-

teus, Bacillus subtilis, Bacillus cereus and
Pseudomonas aeruginosa. Ciprofloxacin was used
as standard drug. Minimum inhibitory concentration
(MIC) in µg/mL values is reproduced in Table II.

2 , 4 - b i s ( p - m e t h y l p h e ny l ) - 3 - a z a b i cy -
clo[3.3.1]nonan-9,5’-spiro-1’,2’,4’-triazolidin-3’-
thione 20 and 2,4-bis(p-methoxyphenyl)-3-azabicy-
clo[3.3.1]nonan-9,5’-spiro-1’,2’,4’-triazolidin-3’-
thione 21 both compound having electron donating
methyl / methoxy groups at the phenyl rings exerted
potent antibacterial activity against all the tested
bacterial strains. The in vitro antifungal activity of
compounds 15-21 was studied against the fungal
strains viz., Aspergillus niger, Candida albicans,
Candida 6 and Candida 51. Fluconazole was used
as a standard drug. Minimum inhibitory concentra-
tion (MIC) in µg/mL values is reproduced in Table
III. All the synthesized compounds 15-21 irrespec-
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Figure 1. “One-pot” synthesis of target molecules, 15-21, catalyzed by KO2 under microwave irradiation.
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tive of the nature of functional group (electron with-
drawing (F/Cl/Br/NO2) or electron donating
(CH3/OCH3)) at the phenyl rings exerted moderate
to strong in vitro antifungal activity against all the
tested fungal strains.

The microbiological screening studies carried
out to evaluate the antibacterial and antifungal
potencies of the newly synthesized 3-azabicyclic
spiro 1’,2’,4’-triazolidin-3’-thiones derivatives
15-21 are clearly known from Table II and Table
III. A close inspection of the in vitro antibacterial
and antifungal activity profile in differently elec-
tron donating (CH3 and OCH3) functional group
substituted phenyl rings of novel target mole-
cules 20 and 21 exerted strong anti-bacterial ac-
tivity against all the tested bacterial strains. Re-
sults of the anti-fungal activity study show that
the nature of substituents on the phenyl ring viz.,
fluoro, chloro, bromo, nitro, methyl, methoxy,

functions at the para positions of the aryl moi-
eties are determinant for the nature and extent of
the anti-fungal activity of all the synthesized
compounds 15-21 over all fungal strains. These
observations may promote a further development
of our research in this field. Further development
of this group of 3-azabicyclic spiro 1’,2’,4’-tria-
zolidin-3’-thiones derivatives may lead to com-
pounds with better pharmacological profile than
standard antibacterial and antifungal drugs.
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Elemental analysis (%)

C H N m/z (M+.)
Yield MW Found Found Found Molecular

Compound (%) Time (s) m.pº C (calculated) (calculated) (calculated) formula

15 85 180 144 69.15 6.60 15.35 365
(1200) (69.20) (6.64) (15.37) C21H24N4S

16 80 150 123 62.95 5.51 13.96 401
(900) (62.98) (5.54) (13.99) C21H22F2N4S

17 75 180 100 58.17 5.09 12.90 433
(1140) (58.20) (5.12) (12.93) C21H22Cl2N4S

18 80 150 118 48.27 4.21 10.69 523
(900) (48.29) (4.25) (10.73) C21H22Br2N4S

19 80 180 176 55.46 4.85 18.47 455
(960) (55.49) (4.88) (18.49) C21H22N6O4S

20 82 120 123 70.35 7.14 14.22 393
(600) (70.37) (7.19) (14.27) C23H28N4S

21 80 120 132 65.03 6.62 13.17 425
(600) (65.07) (6.65) (13.20) C23H28N4O2S

Table I. Physical and analytical data of 2,4-diaryl-3-azabicyclo[3.3.1]nonan-9,5’-spiro-1’,2’,4’-triazolidin-3’-thiones 15-21.

*The values in parentheses are the results obtained by conventional reaction (room temperature stirring) method using
Tetrahydrofuran as solvent.

Minimum inhibitory (MIC) in µg/mL

Micro organisms 15 16 17 18 19 20 21 Ciprofloxacin

Micrococcus luteus 200 50 200 50 100 25 25 25
Bacillus subtilis “–” 100 200 50 50 6.25 25 50
Bacillus cereus 200 100 100 100 50 50 6.25 50
Pseudomonas aeruginosa 100 50 50 200 200 25 12.50 25

Table II. In vitro antibacterial activity (MIC) values for compounds 15-21.

“–” No inhibition even at a concentration of 200 µg/mL.
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Figure 2. Oxidative free radical mechanism for the formation of compounds 15-21.

Minimum inhibitory (MIC) in µg/mL

Micro organisms 15 16 17 18 19 20 21 Fluconazole

A. flavus 200 50 25 50 12.5 25 25 25
C. albicans 50 12.50 25 50 50 6.25 25 25
Candida 6 200 25 6.25 25 50 50 6.25 50
Candida 51 “–” 50 12.50 25 6.25 25 12.50 50

Table III. In vitro antibacterial activity (MIC) values for compounds 15-21.

“–” No inhibition even at a concentration of 200 µg/mL.
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