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Özet

Amaç: Yeni 7-(4-((değişitirilmiş)5-tiokso-4,5-dihidro-1,3,4-oksadiazol-2-il) 

methyl) -4- (fenilamino)- 9(triklorometil)-1 -tia-4,7,8-triazaspiro[4.4] non-ene 

3, 6-dion serisini tasarımlamak, sentezlemek ve karakterizasyon ve anti bak-

teriyel aktivitesi açısından incelemek. Gereç ve Yöntem: Tüm başlık bileşik-

ler spektroskopik ve elemental analiz ışığında yapısal olarak aydınlatıldı. An-

tibakteriyel tarama ‘cup-plate’ metodu kullanılarak yapıldı. Her bileşiğin inhi-

bisyon zonu (mm) belirlendi ve standart ilaçla karşılaştırıldı. Bulgular: Değiş-

ken grup ve bileşiğin biyolojik aktivitesi arasındaki ilişki tartışıldı. Tartışma: 

Tüm bileşikler orta düzey anti bakteriyel etkinlik gösterirken; VIIa, VIIb ve VIIc 

daha iyi anti bakteriyel etkinlik göstermişler ve VIId, VIIe ve VIIf diğer başlık 

bileşiklerden daha güçlü anti fungal ajanlar olarak bulunmuşlardır. 

Anahtar Kelimeler

Mannik Bazlar; Sentez; Karakterizasyon; Antimikrobiyal Aktivite

Abstract

Aim: To design, synthesize and characterize a new series of 7-(4-((substituted)-

5-thioxo-4,5-dihydro-1,3,4-oxadiazol-2-yl)methyl)-4-(phenylamino)-9-

(trichloromethyl)-1-thia-4,7,8-triazaspiro[4.4]non-8-ene-3,6-di one and eval-

uate for antimicrobial activity. Material and Method: All title compounds were 

structurally elucidated on the basis of spectroscopic and elemental analysis. 

The antimicrobial screening was carried out by employing cup plate method. 

The zone of inhibition (mm) of each compound was determined and com-

pared with that of standard drug. Results: The relationship between the sub-

stituent group and the biological activity of the compounds was discussed. 

Discussion: While all the compounds exhibited moderate antibacterial activ-

ity, VIIa, VIIb and VIIc were found to be better antibacterial agents and VIId, 

VIIe and VIIf were found to be superior antifungal agents than the other title 

compounds.
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Introduction
Heterocycles containing nitrogen, oxygen and sulphur atoms are 
time-honored because of their remarkable biological and phar-
macological applications [1, 2]. Thiazolidinone is a heterocycle 
that has sulfur, nitrogen and carbonyl group at positions 1, 3 
and 4 respectively and represents a ubiquitous scaffold in drug 
discovery with exceptional pharmacological applications. The 
antibacterial activity of thiazolidinones is due to its inhibitory 
activity of enzyme MurB which is a precursor during the biosyn-
thesis of peptidoglycan [3]. It was reported that the thiazolidi-
none scaffold mimicked the diphosphate and different groups 
present around the ring generates the specificity [4, 5]. Certain 
thiazolidinones were recently reported to be the inhibitors of 
mycobacterial rhamnose synthetic enzymes [6]. On the other 
hand, 1,3,4-oxadiazole is a privileged structure, that bestows 
its derivatives with broad and potent biological functions. The 
derivatives of 1,3,4-oxadiazoles have been used as pharmaco-
phores due to their favorable metabolic profile and ability to 
engage in hydrogen bonding [7]. The diverse pharmacological 
activities of both these moieties are widely exploited [8-20] 
as they are not only synthetically important but also possess 
a wide range of promising pharmacological activities. Keeping 
this in view, the authors have outlined simple and maneuverable 
synthetic methodologies for drugs containing 4-thiazolidinone 
and 1,3,4-oxadiazole scaffolds and evaluated for their antimi-
crobial activitiy.

Material and Method
All chemicals and reagents were procured from Merck India 
Limited. Melting points were determined in open capillary tubes 
and were uncorrected (in degree Celsius). Infrared spectra of 
the compounds were recorded in KBr discs on FT-IR spectrom-
eter manufactured by Perkin-Elmer. The 1H NMR spectra were 
recorded on a JOEL (300 MHz) spectrometer using TMS as an 
internal standard. The chemical shifts were reported in ppm 
scale. 13C NMR spectrometer (300 MHz) manufactured by Bruk-
er Avance was used for recording 13C NMR spectra. The stan-
dard bacterial and fungal strains were procured from National 
Centre for Cell Science (NCCS), Pune, India. 

Experimental
The compound V was synthesized by the procedure reported in 
the literature [21].
Synthesis of 4-(phenylamino)-7-((5-thioxo-4,5-dihydro-1,3,4-
oxadiazol-2-yl)methyl)-9-(trichloromethyl)-1-thia-4,7,8-triaza-
spiro[4.4]non-8-ene-3,6-dione (6)
A mixture of (5) (19.9g, 0.1 M), KOH (5.5g, 0.1M) ethanol (100 
mL) and carbon disulphide (6.02 mL, 0.1 M) taken in a round 
bottomed flask equipped with a chilled water condenser was 
refluxed on an oil bath till the evaluation of hydrogen sulphide 
was stopped. Excess of alcohol was removed by distillation. The 
reaction mixture was cooled to room temperature, poured into 
ice cold water and neutralized with dilute hydrochloric acid. The 
solid precipitated was filtered, washed thoroughly with water, 
dried and recrystallized from ethanol-dioxane mixture (1:1) to 
give 6. 
Synthesis of 7-(4-((substituted)-5-thioxo-4,5-dihydro-1,3,4-
oxadiazol-2-yl)methyl)-4-(phenylamino)-9-(trichloromethyl)-1-

thia-4,7,8-triazaspiro[4.4]non-8-ene-3,6-dione (7a-f)
A solution of 6 (0.01M) in absolute ethanol and dioxane mixture 
(1:1, 20 mL) was treated with formaldehyde (40%, 1.5 mL). A 
solution of appropriate amine (0.01 M) in ethanol (10 mL) was 
added to the mixture and stirred over night at room tempera-
ture. The precipitated Mannich base was collected by filtration, 
dried and recrystallized from ethanol-DMF (1:1) 

Characterisation of synthesized compounds
Characterization of 6
6: Yield: 70; m.p.: 140-1oC; Molecular formula: C15H11Cl3N6O3S2; 
Elemental analysis: Found (calculated %) C 36.44 (36.49), H 2.29 
(2.25), N 17.07 (17.02); The IR(KBr, cm-1) spectrum of 6 shows 
the peaks around 3125, 1722 & 1245, 1637 & 1229 and 1247 
corresponding to Ar-H, characteristic peaks for thiazolidine, 
characteristic peak for 1,3,4-oxadiazole and C=S respectively. 
The 1H NMR (300 MHz, ppm ) spectrum of 6 recorded in DMSO-
d6 showed signals at 3.89 (s, 2H, NCH2), 3.92 (d, 1H, -CH2 of 
Thiazolidine attached to –S), 3.80 (d, 1H, -CH2 of Thiazolidine 
attached to -S), 11.69 (s, H, Ar-NH), 7.29(s, 1H, NH of oxadia-
zole), 6.79 -8.28 (m, 4H, C6H4). 
Compound: Yield; m.p.oC; Molecular formula; Element Calculat-
ed% (Found%); IR νmaxin Group cm–1; 1HNMR (300 MHz) δ ppm; 
13C NMR (300 MHz) δ ppm.
7a: 65; 182-3; C22H17Cl3FN7O3S2; C 42.79 (42.83) , H 2.74 (2.78), 

N 15.84 (15.89); N-H of Mannich Product 3324, Characteris-
tic peaks of thiazolidine 1717 & 1257, Characteristic peak for 
1,3,4-oxadiazole 1641 & 1225, C=S 1261; 3.81 (s, 2H, NCH2), 
3.82(d,1H,-CH2 of Thiazolidin attached to –S), 3.91(d, 1H, -CH2 
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Scheme1. Synthesis of 7-(4-((substituted)-5-thioxo-4,5-dihydro-1,3,4-oxadiazol-
2-yl)methyl)-4-(phenylamino)-9-(trichloromethyl)-1-thia-4,7,8-triazaspiro[4.4]
non-8-ene-3,6-dione (7a-f)
Characterization of 7-(4-((substituted)-5-thioxo-4,5-dihydro-1,3,4-oxadiazol-2-yl)
methyl)-4-(phenylamino)-9-(trichloromethyl)-1-thia-4,7,8-triazaspiro[4.4]non-8-
ene-3,6-dione (7a-f)
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of Thiazolidine attached to –S), 4.22 (s, 1H, attached to 4-flou-
robenzene), 4.39(s, 2H, CH2 attached to oxadiazole ring), 11.29 
(s, H, Ar – NH), 7.29(s, 1H, NH of oxadiazole), 6.91 -7.49 (m, 9H, 
C6H4 and C6H4 of two phenyl groups); 152.1, 112.3, 125.6, 125.9, 
123.4, 165.1, 31.9, 63.4, 173.3, 154.1, 84.1, 56.1, 154.9, 178.3, 
71.7, 144.9, 119.5, 119.4, 155.9 and these signals are due to at 
C1,C2&2’,C3&3’,C4,C5,C6,C7,C8, C9, C10,C13,C15,C16&16’, C17&17’, C18 car-
bon atoms respectively.
7b: 62; 187-8; C22H17Cl4N7O3S2; C 41.68 (41.72), H 2.69 (2.71), 
N 15.42 (15.48); N-H of Mannich Product 3331, Characteris-
tic peaks of thiazolidine 1724 & 1259, Characteristic peak for 
1,3,4-oxadiazole 1646 & 1231, C=S 1273; 3.77 (s, 2H, NCH2), 
3.88(d,1H,-CH2 of Thiazolidine attached to –S), 3.96(d,1H,-CH2 
of Thiazolidine attached to –S), 4.19 (s, 1H, attached to 4-chloro 
benzene), 4.34 (s, 2H, CH2 attached to oxadiazole ring), 11.20 
(s, H, Ar – NH), 7.2(s, 1H, NH of oxadiazole), 6.71 -7.32 (m, 9H, 
C6H4 and C6H4 of two phenyl groups); 149.9, 111.9, 124.4, 124.9, 
121.3, 164.8, 30.9, 63.9, 172.9, 153.4, 83.8, 55.9, 153.3, 177.3, 
70.6, 144.2, 116.7, 128.9, 126.4 and these signals are due to at 
C1,C2&2’,C3&3’,C4,C5,C6,C7,C8, C9, C10,C13,C15,C16&16’, C17&17’, C18 car-
bon atoms respectively.
7c: 68; 193-5; C22H17Cl3N8O5S2; C 41.08 (41.04), H 2.61 (2.66), 
N 17.41 (17.40); N-H of Mannich Product 3329, Characteris-
tic peaks of thiazolidine 1728 & 1253, Characteristic peak for 
1,3,4-oxadiazole 1651 & 1232, C=S 1276; 3.81 (s, 2H, NCH2), 
3.96 (d, 1H, -CH2 of Thiazolidin attached to –S), 3.89(d, 1H, -CH2 
of Thiazolidine attached to –S), 4.29 (s, 1H, attached to 4-chloro 
benzene), 4.35(s, 2H, CH2 attached to oxadiazole ring), 11.16 (s, 
H, Ar – NH), 7.26(s, 1H, NH of oxadiazole), 6.75 -7.49 (m, 9H, 
C6H4 and C6H4 of two phenyl groups); 151.3, 113.4, 126.6, 124.6, 
121.9, 165.8, 31.2, 64.2, 172.8, 154.6, 85.4, 55.7, 155.6, 177.6, 
70.9, 155.9, 113.4, 126.1, 135.1 and these signals are due to at 
C1,C2&2’,C3&3’,C4,C5,C6,C7,C8, C9, C10,C13,C15,C16&16’, C17&17’, C18 car-
bon atoms respectively.
7d: 60; 188-9; C20H20Cl3N7O4S2; C 41.60 (40.51), H 3.39 (3.40), 
N 16.61 (16.54); N-H of Mannich Product 3311, Characteris-
tic peaks of thiazolidine 1729 & 1255, Characteristic peak for 
1,3,4-oxadiazole 1654 & 1237, C=S 1258; 3.84 (s, 2H, NCH2), 
3.75(d,1H,-CH2 of Thiazolidine attached to –S), 4.01(d,1H,-CH2 
of Thiazolidine attached to –S), 4.39 (s, 1H, attached to N-meth-
ylpipyridine ring), 3.97(s, 2H, CH2 attached to oxadiazole ring), 
11.31 (s, H, Ar – NH), 7.29(s, 1H, NH of oxadiazole), 6.76 -7.38 
(m, 5H, C6H5), 3.61 & 3.42(t, 4H, O-CH2 of pyron ring), 1.72 & 
1.46(q, 4H, N-C-CH2 of pyron ring), 2.56(m, 1H, CH of pyron ring 
attached to NH); 151.7, 113.7, 128.1, 126.5, 122.1, 166.8, 31.6, 
64.6, 173.5, 155.5, 85.9, 55.9, 156.6, 176.9, 66.9, 50.6, 37.5, 
65.1 and these signals are due to at C1,C2&2’,C3&3’,C4,C5,C6,C7,C8, 
C9, C10,C13,C15,C16&16’, C17&17’carbon atoms respectively.
7e: 71; 201-2; C21H22Cl3N7O3S2; C 43.71 (43.68), H 3.80 (3.75), 
N 16.53 (16.59); N-H of Mannich Product 3311, Characteris-
tic peaks of thiazolidine 1722 & 1225, Characteristic peak for 
1,3,4-oxadiazole 1645 & 1232, C=S 1259; 3.65 (s, 2H, NCH2), 
3.67(d,1H,-CH2 of Thiazolidin attached to –S), 3.59(d,1H,-CH2 
of Thiazolidine attached to –S), 4.10 (s, 1H, N-CH attached to 
piperidine ring), 3.96(s, 2H, CH2 attached to oxadiazole ring), 
11.21 (s, H, Ar – NH), 6.50 -7.17 (m, 5H, C6H5), 2.65 & 1.66(m, 
8H, 4CH2 of piperidine), 2.39(m, 1H, CH of piperidine NH); 151.0, 
113.7, 127.8, 127.1, 122.3, 167.1, 31.2, 63.8, 172.9, 155.1, 86.1, 

56.1, 155.1, 177.3, 70.1, 154.9, 113.9, 126.4, and these signals 
are due to at C1,C2&2’,C3&3’,C4,C5,C6,C7,C8, C9, C10,C13,C15,C16&16’, 
C17&17’ carbon atoms respectively.
7f: 65; 206-7; C21H23Cl3N8O3S2; C 41.66 (41.62), H 3.89 (3.83), 
N 18.53 (18.49); N-H of Mannich Product 3312, Characteris-
tic peaks of thiazolidine 1728 & 1252, Characteristic peak for 
1,3,4-oxadiazole 1646 & 1239, C=S 1257; 3.69 (s, 2H, NCH2), 
3.69(d,1H,-CH2 of Thiazolidine attached to –S), 3.65(d,1H,-
CH2 of Thiazolidin attached to –S), 4.03 (s, 1H, attached to N-
methylpipyridine ring), 3.97(s, 2H, CH2 attached to oxadiazole 
ring), 11.25 (s, H, Ar – NH), 6.55 -7.25 (m, 5H, C6H5), 2.55 & 
2.36(t, 4H, N-CH2 of N-methyl piperidine ring), 1.76 & 1.56(q, 
4H, N-C-CH2 of N-methyl piperidine ring), 2.76(m, 1H, CH of 
N-methyl piperidine ring attached to NH); 151.1, 112.6, 128.1, 
127.9, 122.1, 167.1, 32.4, 64.2, 172.7, 155.3, 86.4, 57.1, 157.9, 
177.7, 66.8, 56.9, 31.2, 54.5, 46.8 and these signals are due 
to at C1,C2&2’,C3&3’,C4,C5,C6,C7,C8, C9, C10,C13,C15,C16&16’, C17&17’ C18 

carbon atoms respectively.

Results and Discussion
Condensation of [5-Oxo-4-(4-substituted aryl hydrazono)-3-
trichloromethyl-4, 5-dihydro- pyrazol- 1-yl]-acetic acid hy-
drazide (5) with a mixture of KOH, ethanol and carbon disul-
phide afforded compound 6 in good yield. Compound 6 was 
subjected to Mannich reaction with p-fluorophenylamine in 
the presence of a solution of formaldehyde in ethanol-dioxane 
mixture to give 7-((4-(((4-flourophenyl)amino)methyl)-5-thioxo-
4,5-dihydro-1,3,4-oxadiazol-2-yl)methyl)-4-(phenylamino)-9-
(trichloromethyl)-1-thia-4,7,8-triazaspiro[4.4]non-8-ene-3,6-
dione (7a). Treatment of 6 with p-chloro phenyl amine/p-anisyl 
amine/ p-nitro phenyl amine/ terahydro-pyran-4-ylamine / pi-
peridine-4-ylamine / 1-methyl-piperidin-4-ylamine afforded the 
respective Mannich base (7b–f). The compounds were charac-
terized by elemental analysis, IR, 1H NMR and 13C NMR spectral 
data. While the spectral data have confirmed the presence of 
characteristic groups, elemental analysis data for C, H, and N 
were within ±0.5% of the theoretical values. The Mannich bases 
under study were screened for their antimicrobial activity by 
cup plate method [22]. The bacteria screened were Staphyloco-
cus aureus NCCS 2079, Bacillus cereus NCCS 2106, Escherichia 
coli NCCS 2065 and Pseudomanas aeruginosa NCCS 2200 and 
the fungi screened were Aspergillus niger NCCS 1196 and Can-
dida albicans NCCS 2106. Ciprofloxacin and Clotrimazole were 
used as standards (10 μg/mL) for antibacterial studies and anti-
fungal studies respectively. The details are given in the Table 1.
In order to analyze the impact of the nature of R on the antimi-
crobial activity, derivatives incorporating p-fluoro phenyl, p-chlo-
ro phenyl, p-nitro phenyl, tetrahydrapyran, piperydinyl, N-methyl 
piperydinyl were synthesized. The Mannich bases containing 
electron with drawing substituents at the 4 position of phenyl 
ring has shown good antibacterial activity where the Mannich 
bases containing tetrahydrapyran, piperydinyl, N-methyl piper-
ydinyl have shown good antifungal activity. The higher activity 
of morpholinyl derivative in comparison to piperydinyl deriva-
tive is due to the fact that the potential oxygen atom of the 
morpholine can participate in the formation of hydrogen bonds 
in the drug-target site.
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Conclusion
A series of novel Mannich bases incorporating 4-thiazolidinone 
and 1,3,4-oxadiazole moieties were synthesized and character-
ized by FTIR, 1H NMR, 13C NMR spectroscopic analysis and el-
emental analysis. The title compounds were evaluated for their 
in vitro antimicrobial activity against six bacteria including 
two gram positive, two gram negative and two fungal strains. 
Among compounds screened, VIIa, VIIb and VIIc (VIIc > VIIb > 
VIIa) were found to be better antibacterial agents compared 
to VIId, VIIe and VIIf (VIId > VIIf > VIIe) which were found to be 
superior antifungal agents.
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Table 1. Zone of inhibition from antimicrobial activity studies

Compound 
(20 μg/mL)

Zone of inhibition (mm)*

Bacteria screened Fungi screened

Staphylococus 
aureus 
NCCS 2079

Bacillus 
Cereus 
NCCS 2106

Escherichia 
coli 
NCCS 2065

Pseudomanas
aeruginos 
NCCS 2200

Aspergillus
niger
 NCCS 1196

Candida 
albicans 
NCCS 2106

VIIa 18 17 19 17 16 14

VIIb 21 19 21 18 18 14

VIIc 22 20 23 21 20 21

VIId 17 18 19 16 22 24

VIIe 16 15 14 16 17 18

VIIf 14 16 18 15 20 23

Ciprofloxacin 25 23 27 22 -- --

Clotrimazole -- -- -- -- 26 28
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