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ABSTRACT 

 

Ozyazici, T. (2019). Synthesis and Biological Activity Studies of New 1,3,4-

Oxadiazole Derivatives. Yeditepe University, Institute of Health Science, 

Department of Pharmaceutical Chemistry PhD thesis, Istanbul. 

New 1,3,4-oxadiazole-2(3H)-thiones and piperazine derivatives were combined to 

evaluate their potential antiinflammatory and antioxidant activities. In this study, 

synthesized compounds were divided into two groups named salicylic acid (5a-5o) and 

ibuprofen (10a-10p) series according to located fragments at fifth position of 1,3,4-

oxadiazole-2(3H)-thione ring. 5-(2-Hydroxyphenyl)-1,3,4-oxadiazole-2(3H)-thione and 

5-[1-(4-isobutylphenyl)ethyl]-1,3,4-oxadiazole-2(3H)-thione compounds were further 

derived with various piperazines via Mannich reaction to investigate the effect of such 

molecular variations on the antiinflammatory and antioxidant activities. Chemical 

structures elucidation were supported with IR, 1HNMR, 13CNMR, mass spectral methods 

and elementary analysis. In vitro cyclooxygenase-1/-2 (COX-1/-2)  and nitric oxide (NO) 

assays were applied for all compounds while prostaglandin E2 (PGE2) assay was done 

just for active COX-1 inhibitor and nitrit-reducer molecule(s). Results revealed that 

compound 10b (76.4%) exhibited significant COX-1 inhibition whereas 5a, 5e, 5i, 5k, 

5n, 10e, 10g, 10h and 10i showed more than 50% inhibition on COX-1 enzyme. COX-1 

responses of these compounds were also checked by “docking” studies. Additionally, 

nitrite level-lipophilicity association of compounds was measured by Pearson correlation 

coefficient (r). According to results, especially ibuprofen derivatives (r= -0.703, 

p<0.005**) and active nitrit-supressor compounds (r= -0.593, p<0.05*) revealed  

statistically significant correlations. Furthermore, PGE2 inhibition response of active 

COX-1 inhibitor and nitrit-supressor molecules were checked and nearly all selected 

compounds were found able to reduce LPS induced PGE2 levels. For radical scavenging 

features; except 10k. Rest of compounds exhibited higher activity than ascorbic acid with 

in vitro DPPH assay. Depended on their scores, especially salicylic acid compounds 

displayed higher antioxidant potentials compared to ibuprofen derivatives.  

Key words: Piperazine, Mannich reaction, 1,3,4-Oxadiazole, Antiinflammatory agents-

nonsteroidal, Antioxidants 
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ÖZET 

 

Ozyazici, T. (2019). Yeni 1,3,4-Oksadiazol Türevlerinin Sentezi ve Biyolojik Aktivite 

Çalışmaları. Yeditepe Üniversitesi, Sağlık Bilimleri Enstitüsü, Farmasötik Kimya 

Ana Bilim Dalı, Doktora Tezi, İstanbul. 

Yeni 1,3,4-oksadiazol-2(3H)-tiyon ve piperazin türevleri, olası antiinflamasyon ve 

antioksidan aktiviteleri incelenmek üzere sentezlenmiştir. Sentez bileşiklerin bu 

çalışmada, 1,3,4-oksadiazol halkasının beşinci pozisyonda bulunan fragmanlarına göre 

salisilik asit (5a-5o) ve ibuprofen (10a-10p) serisi olmak üzere ikiye ayrılmıştır. 5-(2-

hidroksifenil)-1,3,4-oksadiazol-2(3H)-tiyon ve 5-[1-(4-izobütilfenil)etil]-1,3,4-oksadia-

zol-2(3H)-tiyon çeşitli piperazinlerle, Mannich reaksiyonu ile türevlendirilerek, 

moleküler çeşitliliğin antiinflamatuar ve antioksidan aktiviteye etkisi araştırılmıştır. 

Bileşiklerin kimyasal yapısıları IR, 1HNMR, 13CNMR, kütle ve eleman analizi ile 

aydınlatılmıştır. In vitro siklooksijenaz-1/-2 (COX-1/-2), ve nitrik oksit (NO) testleri tüm 

bileşikler için uygulanırken, prostaglandin E2 (PGE2) inhibisyonu testi sadece aktif COX-

1 inhibitör ve nitrit-süpresör aktivite gösteren bileşiklere uygulanmıştır. Sonuçlara göre; 

bileşik 10b (% 76.4) önemli COX-1 inhibisyon gösterirken, bileşik 5a, 5e, 5i, 5k, 5n, 10e, 

10g, 10h ve 10i, % 50’nin üzerinde COX-1 inhibisyon göstermiştir. Bu bileşiklerin COX-

1 etkileri, “docking” çalışmasıyla da kontrol edilmiştir. Ek olarak, bileşiklerin nitrit 

miktarı-lipofilisite ilişkisi, Pearson korelasyon sabiti (r) ile ölçülmüştür. Sonuçlara göre, 

özellikle ibuprofen türevleri ve aktif nitrit-baskılayıcı bileşikler, istatistiki olarak önemli 

korelasyon göstermiştir. Aktif COX-1 inhibitör ve nitrit-supresör moleküller için PGE2 

inhibisyonu bakılmış olup, yaklaşık bütün seçilmiş bileşikler lipopolisakkarit ile 

indüklenen PGE2 miktarını azaltmıştır. Radikal süpürücü özellik bakımından yapılan in 

vitro DPPH testinde; 10k hariç, geri kalan tüm bileşikler askorbik asite göre daha yüksek 

aktivite göstermiştir. Özellikle salisilik asit türevleri, elde ettikleri skorlar bakımından 

ibuprofen türevi bileşiklere göre daha yüksek antioksidan potansiyel yansıtmaktadır. 

Anahtar kelimeler: Piperazin, Mannich reaksiyonu, 1,3,4-Oksadiazol, Antiinflamatuar 

ajanlar-nonsteroid, Antioksidanlar 
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1. INTRODUCTION and PURPOSE 

 

All living organisms have the ability to defence themselves from exogenous 

pathogens and repair tissue damage that results from infection. Discovering inflammatory 

response has led to significant advantages in the treatment of inflammatory diseases 

which are related to various physiological and pathological processes. Although the 

pathology behind inflammation is well studied, physiology of disease is not yet 

completely understood. However inflammation is known to be adaptive response and 

promoted by detrimental stimuli. Primarily, an acute inflammatory stimuli is evaluted by 

infection or tissue injuries that triggers distribution of blood ingredients (plasma and 

leukocytes) through infected or injured area. Additionally, this local event may lead to 

chronic inflammation and autoimmune diseases in further cases which is originated from 

malfunction of tissue due to homeostatic imbalance of one or several biological 

mechanisms [1, 2]. 

 Unrelated to the origin of its response, ‘purpose’ of inflammation is to eliminate 

the source of the disturbance. If abnormal conditions are temporary, inflamed host is let 

to adapt which leads to restore functionality and homeostasis of the tissue. Therefore, 

these acute inflammatory responses back basal homeostatic set points. Otherwise 

sustained inflammatory states shift through different physiological set points, as they 

occur during chronic inflammation [3]. 

Steroidal (glucocorticoids) and non-steroidal anti-inflammatory drugs are used to 

relief inflammation, pain and edema through inhibition of phospholipase A2 and 

cyclooxygenases (COXs) or lipoxygenases (LOXs), respectively. COX family is 

responsible with the biosynthesis of prostaglandin H2 which is the precursor for some of 

inflammatory mediators; prostaglandins, prostacyclins and thromboxanes. Their 

biological missions are coordinated by two major isoforms named COX-1 and COX-2. 

While COX-1 is constitutively secreted and located in most tissues to maintain 

homeostasis, COX-2 is synthesized upon an inflammatory response and evaluated in the 

site of inflammation. In many cases of antiinflamatory drug therapy, due to nonselective 

inhibiton of the both enzymes, systemic and local gastrointestinal (GI) side effects were 

emerged which requires new pharmaceutical approaches to overcome these problems [4-

7]. 
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Molecular and conceptual model of inflammation have kept evolving new insights 

to generate novel therapeutic approaches for inflammatory diseases in recent years. 

Particularly, recent studies were aimed to replace the carboxylate functionality of 

nonsteroidal antiinflammatory drugs (NSAIDs) with many types of less acidic 

heterocyclic bioisosters such as 1,3,4-oxadiazole [8], 1,2,4-triazole [9, 10] and 1,3,4-

thiadiazole [11] to protect the gastric mucosa from free carboxylate moiety [12]. Based 

on this princible, selective COX-2 inhibitors were developed in which they commonly 

have a heterocyclic core and their action on cytoprotective prostaglandins contribute to 

physiological homeostasis besides their antiinflammatory actions. However, valdecoxib 

(Bextra®) and rofecoxib (Vioxx®) presented severe adverse effects on cardiovascular 

system and have been withdrawn from the market [13-15]. A significant example for 

chemical modification concept to produce non-ulcerogenic and antiinflamatory drug was 

represented by Bhandari and co-workers in 2008. They converted carboxylic acid 

fragment of diclofenac into 1,3,4-oxadiazole-2(3H)-thione ring via a three step chemical 

reaction. In vivo carregenaan-induced paw edema test results clearly revealed that 1,3,4-

oxadiazole-2(3H)-thione analogues increased antiinflammatory activity potential and 

lowered ulceration scores compared to diclofenac [16].  Also, in 2010, Manjunatha and 

coworkers published a similar study in which carboxylic acid of ibuprofen was converted 

into 1,3,4-oxadiazole-2(3H)-thione and statistically meaningful test results in paw edema 

model proved that heterocyclic ring cyclization demonstrates a better gastrointestinal 

profile (Scheme 1) [17]. 

 

 

Scheme 1. Conversion of carboxylic acid functional groups of Diclofenac and Ibuprofen into 1,3,4-oxadi 

azole-2(3H)-thione  

 

It is known that, mechanism of inflammation demonstrates a sequence of 

organized responses also involving cellular and vascular secretions. These pathways 
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include movement of defense cells and inflammatory mediators through inflamed site. A 

number of these mediators and other signaling molecules (histamine, prostaglandins, 

leukotrienes, free radicals and serotonin, etc.) are released by immune cells which 

participate in the event of inflammation [18, 19]. Nitric oxide (NO) is an example of 

cellular secretion and this chemokine has a major role in the pathogenesis of inflammation 

due to its signaling property. Under normal physiological conditions this molecule plays 

an antiinflammatory effect whereas in abnormal situations, due to being overproduced, 

acts as a proinflammatory mediator and promotes the induction of inflammation. 

Endothelial cells are able to synthesize and release NO by the activation of nitric oxide 

synthase (NOS) family. Particularly inducible nitric oxide synthase (iNOS) enzyme 

coordinates NO production at inflammation site. Therefore, NO inhibitors preserve 

therapeutic importance in the management of inflammatory diseases [20].  

In the event of inflammation another important group of mediators secreted from 

vascular beds of tissues are prostanoids and particularly, prostaglandin E2 (PGE2). They 

represent important roles in the symptoms of inflammatory arthrities including 

rheumatoid arthritis (RA). Thereby inhibiting the biosynthesis of prostanoids, result in 

antipyretic, anti-inflammatory and analgesic effects. Since PGE2 serves actions like 

pyrexia, pain sensation, and inflammation, it was thought that the action of NSAIDs 

should also be based on the inhibition of PGE2 production [1]. 

The aim of this study is to design novel compounds which present stronger and safer 

antiinflammatory profile compared to parent compounds. Consequently, chemical part of 

this study has involved replacement of carboxylic acid groups in salicylic acid and 

ibuprofen into less acidic 1,3,4-oxadiazole ring and has derived with piperazine 

derivatives via Mannich reaction. In order to provide the desired biological properties, 

newly synthesized 31 compounds were studied for their antiinflammatory potentials with 

in vitro assays named COX-1/COX-2 enzyme, nitric oxide and PGE2 inhibition. 

Antioxidant capacities of compounds were also checked with α, α-diphenyl-β-picryl-

hydrazyl (DPPH) radical scavenging assay. Molecular docking studies were performed 

with crystal structures of COX-1 and COX-2 to explain structure-activity relationship of 

compounds.  
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 In this study, a scheme of 3,5-disubstituted-1,3,4-oxadiazole-2(3H)-thiones were 

synthesized and summarized in Table 1:  

 

Table 1. Newly synthesized salicylic acid (5a-5o) and ibuprofen (10a-10p) derivatives 

Salicylic acid derivatives 

(5a-5o) 

Ibuprofen derivatives 

(10a-10p) 

  

Compound R Compound R 

5a Phenyl 10a Phenyl 

5b 4-fluorophenyl 10b 4-fluorophenyl 

5c 4-trifluorophenyl 10c 2-fluorophenyl 

5d 3-trifluorophenyl 10d 3-trifluorophenyl 

5e 4-chlorophenyl 10e 4-chlorophenyl 

5f 2-chlorophenyl 10f 2-chlorophenyl 

5g 3,4-dichlorophenyl 10g 3,4-dichlorophenyl 

5h 2,3-dichlorophenyl 10h 2,3-dichlorophenyl 

5i 4-methylphenyl 10i 4-methylphenyl 

5j 2,3-dimethylphenyl 10j 2,3-dimethylphenyl 

5k 4-methoxyphenyl 10k 4-methoxyphenyl 

5l 4-cyanophenyl 10l 3-methoxyphenyl 

5m 2-cyanophenyl 10m 2-methoxyphenyl 

5n 2-pyridyl 10n 4-cyanophenyl 

5o 2-pyrimidinyl 10o 2-cyanophenyl 

  10p 2-pyridyl 
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2.   LITERATURE REVIEW 

 

2.1. Chemistry 

2.1.1. Oxadiazoles 

Oxadiazoles are heterocyclic rings and structure has  two carbons, two  nitrogens 

and one oxygen atom on it. Oxadiazole ring isomers which were named as 

furo[ab]diazoles, was discovered by Tiemann and Krüger in 1884. Isosterically similar 

furan and oxadazole rings can be comparible but instead of two methine groups (−CH=) 

replaced two sp2 nitrogens (−N=) was consequensed as four oxadiazole isomers [21-23]. 

 

 

 

In pharmaceutical sciences, oxadiazole ring is known as bioisoster of esters, 

amides, carbamates and hydroxamic esters. In biologial media, these carbonyl-containing 

groups are well-known with their stability problems in which it is an important obstacle 

for being a drug candidate. Therefore, oxadiazole isomers are able to use synthetic 

alternatives for these groups and depended on their similar spatial geometries,  

bioisosteric properties of oxadiazoles may also represent desired pharmacological 

responses  [24, 25].  

 

2.1.2. 1,3,4-Oxadiazoles 

2.1.2.1. Chemical properties  

In 1964, Moussebois and Oth confirmed experimentally the idea that 1,3,4-

oxadiazoles are chemically aromatic structures. To obtain an accurate data via UV 

spectroscopy, mono phenyl substituted 1,3,4-oxadiazole was compared with diphenyl 

substituted ring. According to the concept of UV study, if a heterocyclic structure has an 
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aromaticity, insertion of second phenyl ring would lead a bathochromic shift for λmax 

value which means low level of energy is used for the π → π* transition due to an elevated 

level of conjugation in whole molecule. UV data consequences clearly showed the 

presence of two phenyl rings considerably increased λmax value which refers aromatic 

feature of 1,3,4-oxadiazole ring (Figure 1) [26-28]. 

 

R λmax  

H 245 

-C6H5 276 

 

Figure 1. Chemical structure and λmax values of substituted 1,3,4-oxadiazoles 

 

Due to aromaticity of 1,3,4-oxadiazole-containing compounds show specific 

cation-π binding model for biological targets. Particularly in physiological pH, this 

noncovalent interaction occurs frequently between aromatic pi face of molecule and 

cationic part of receptor. Conjugation (6π electron) in aromatic fragment of 1,3,4-

oxadiazole center and its two nitrogen atoms (each one is electron pair) fully present to 

bind with a receptor (Figure 2) [29, 30]. 

 

 

Figure 2. 1,3,4-oxadiazole moiety and His279 interaction via cation-π bonding. 
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2.1.2.2. Chemical synthesis  

 

 

 

Dabiri and co-workers reported a synthesis pathway of 5-monosubstituted-1,3,4-

oxadiazole. Reaction procedure included sulphuric acid impragnated silica gel catalyzer 

of hydrazide and triethyl orthoester to obtain desired compounds. Chemical process and 

yield of products were seemed profitable. Researchers also noticed that instead of triethyl 

orthoester, potassium aluminium sulphate and p-tolenesulfonic acid were also able to 

catalyze the reaction [31, 32].   

Another synthesis method of monosubstituted-1,3,4-oxadiazole was reported by 

Polshettiwar in 2008. Aromatic hydrazides and triethyl orthoester were reacted on the 

surface of Nafion NR-50 (P4S10/Al2O3) under microwave irradiation. Particularly 

methoxy and flouro substitutions on fourth position of aromatic ring increased reaction 

yields [33]. 

 

 

 



8 

 

Inhibitors of pathogenic bacteria biosynthesis were derived by Montgomery and 

friends. Initial step of chemical reaction was necessary for protecting of hydroxyl group 

on aromatic esters with benzyl bromide. Next step, compounds containing ester group 

were converted to hydrazide and final products were obtained in hot media with trimethyl 

orthester reagent [34]. 

 

 

 

Regioselective synthesis of hydrazides were obtained from carboxylic acids with 

spesified catalyzers and 1,3,4-oxadiazole cyclization was evaluated with 1-methoxy-N-

trimethylammoniosulfonyl-methanimidate (Burgess reagent) under microwave 

irradiation. Instead of Burgess reagent, 2,4-bis(methoxyphenyl)-1,3,2,4-dithiaphospheta- 

ne-2,4-disulfide in tetrahydrofuran (THF) solution (Lawesson’s reagent) was used to 

cyclized hidrazid group into 1,3,4-oxadiazole by Bethel and friends in 2009 [35]. 
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Ramazani and co-workers developed another synthesis method for 

monosubstituted-1,3,4-oxadiazole with (N-isocyananimino)triphenylphosphine reagent 

with different substituted benzoic acids at room temperature. Synthesized compounds 

were obtained via high percentage of yields and values were seemed independent from 

the  position or chemical nature of substitutent on aromatic ring [36-39]. 

 

 

 

 Mickevicius and friends used approximately same pathway with Dabiri and 

friends while synthesizing monosubtituted-1,3,4-oxadiazole by hydrazide and triethyl 

orthoformate with the ratios of 1:8. After reflux process, the reaction was cooled and the 

crystals were taken off to obtain final compounds [40]. 

 

 

 

 5-(Piperidin-4-yl)-1,3,4-oxadiazole-2-one synthesis pathway included a 

protection step for secondary amine moiety of piperidine ring. For the next step, hydrazine 

hydrate in alcoholic solution produced hydrazide from methyl ester in compound 2. 

Carbonyldiimidazole (CDI), tetrahydrofuran (THF) and dimethylformamide (DMF) were 
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used with hydrazide in cold media to get 1,3,4-oxadiazole-2-one ring. However, IR and 

NMR spectra indicated that they exist predominantly in their amide-form; Theoretically, 

oxadiazol-2-ones may exist in two tautomers named as amide and imino-alcohol. At the 

end of the process desired compounds were deprotected with alcoholic hydrochloric acid 

(HCl) [41]. 

 

 

 

Tabatabai and co-workers in 2013 studied on the synthesis of 1,3,4-oxadiazole-2-

one structure. Chemical pathway of desired product was proceed in the presence of 1,1’-

carbonyldiimidazole (CDI) and dry tetrahydrofuran coctail at 0oC in which then 

continued at room temperature for 5 hours. 

 

 

 

Instead of ketone group at second position of 1,3,4-oxadiazole; primary amine 

was substituted by Tabatabai and coworkers via cyanogen bromide in methanol with a 

hidrazid-containing compound [42].   
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Other synthesis pathway of 2,5-disubstituted-1,3,4-oxadiazole derivatives was 

studied by Ningaiah and co-workers. N’-aroyl-5-methyl-1,3-disubstituted-1H-pyrazole-

4-carbohydrazide compounds were heated with phosphorusoxychloride via 120oC to 

produce title derivatives of 1,3,4-oxadiazole in moderate yields [43]. 

 

            

 

Dabiri and co-workers synthesized many nonsymmetrical 2,5-disubstituted-1,3,4-

oxadiazole from monoacyl hydrazines by the use of cerric ammonium nitrate (CAN) as a 

catalyzer for condensation and oxidative cyclization of 1,3,4-oxadiazole ring. According 

to procedure, aromatic aldehytes in ethanol with presence of CAN under solvent-free 

conditions produced 2,5-disubstituted series of 1,3,4-oxadiazole [44]. 

 

 

 

Desai et al. reported the synthesis of 1,3,4-oxadiazole in the presence of acidic 

alumina by treating the hydrazide with benzoic acid in ethanolic solution through 

microwave irradiation [45]. 
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 Ahsan and co-workers studied on oxadiazole ring cyclization in two step reaction. 

Initially, primary amine group of starting material was treated with 2-chloroacetic acid in 

dry acetone and potassium carbonate were refluxed and the reaction was continued with 

electrophilic substitution mechanism. In the last step obtained carboxylic acid-containing 

compound was reacted with aroylhydrazine in presence of phosphorus oxychloride which 

resulted with title compounds [46]. 

 

 

 

Rane and researchers realised that hidrazide condensation with equimolar 

quantities of different aromatic and heteroaromatic acids via phosphorus oxychloride in 

hot media resulted the formation of 2,5-disubtituted-1,3,4-oxadiazoles [47]. 

 

 

 

A convenient reaction was studied by Ramazani and researchers in which (N-

isocyanimino)triphenylphosphorane, bis-aldehydes (isophthalaldehyde and terphthal 

aldehyde) and aromatic (or heteroaromatic) carboxylic acids were put in a flask under 

neutral condition and at the end of reaction, theoritically significant yield values were 

found [48]. 
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Carbonyldiimidazole (CDI) and tetrahydrofuran (THF) were used to produce 

hydrazide group from carboxylic acid moiety of benzisothiazol-3(2H)-one series. 

Corresponding products yielded desired 2,5-disubstituted-1,3,4-oxadiazole compounds 

with p-toluenesulfonylchloride-mediated cyclodehydration mechanism by Lai and 

researchers in 2013 [49] . 

 

 

 

Cyclization of 5-aryl-2-(chloromethyl)-1,3,4-oxadiazole analogs were evaluated 

through chemical reaction of hydrazide with chloroacetic acid in phosphorus oxychloride. 

Nucleophilic substitution of chloroethyl group on second position of 1,3,4-oxadiazole 

attacked to hydroxyl group on 2-fluoro-4-nitrophenol and ether-containing final products 

were obtained [50, 51]. 

 

 

 

 By Singh and co-workers, different substituted phenyl derivatives of 1,3,4-

oxadiazole compounds were evaluated with two step reaction. Acyl chlorides were 
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obtained from carboxylic acids in the presence of phosphorus pentachloride. After 

hidrazid addition, desired 2,5-disubstituted-1,3,4-oxadiazole analogues were produced 

[52]. 

 

2.1.2.3. Spectral Properties  

2.1.2.3.A. Infrared (IR) Spectroscopy  

 

 

 

Asghar and researchers studied infrared spectrums of different compounds and 

1,3,4-oxadiazole derivatives were evaluated according to signal variations of 

semicarbazide group. Disappearance of signals at 3342 and 1708 cm-1, suggesting the 

conversion of N–H and C=O group in semicarbazide, respectively into C=N and C–O–C 

group signals in 1,3,4-oxadiazole at 1660 and 1193 cm-1 [53]. 

 

 

 

The FT-IR spectrum of 2,5-bis-(4-aminophenyl)-1,3,4-oxadiazole showed strong 

signals in the range of 3460-3363 cm-1 which could be related to asymmetric and 

symmetric stretching vibration of the NH2. Other stretching bands related to C=N and C-

O-C groups at 1596 and 1172 cm-1 were important indicators of 1,3,4-oxadiazole 

production according to Zobaydi and researchers [54]. 
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The structure of 6-bromo-2-phenyl-3-[4-(5-phenyl-1,3,4-oxadizole-2-yl)phenyl]-

quinazoline-4(3H)-one compounds were confirmed with different spectral and analytical 

results by Desai in 2005. IR spectra of compounds obviously showed spectral bands at 

1600 cm-1 (C=N) for formation of quinazolone and 1590 cm-1 (C=N) and 1339 cm-1 (C-

O-C) for formation of 1,3,4-oxadiazole [55]. 

 

2.1.2.3.B. Ultraviolet-Visible (UV-Vis) Spectroscopy  

1,3,4-Oxadiazole ring indicates no absorption itself above 200 nm whereas 2-

substituted and 2,5-disubstituted derivatives displays absorption peaks slightly above 200 

nm [55] Electronic transitions through the oxadiazole ring have been shown efficiently 

and hence, their infrared spectra responses have been deeply worked and reported in many 

researches.  

 

 

 

According to Bala and coworkers, novel 2,5-disubstituted-1,3,4-oxadiazole 

derivatives  were characterized by some spectroscopic analysis in which one of them was 

UV-visible spectroscopy. 𝜆max values of compounds were calculated by using double 
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beam UV-Visible spectrophotometer and based on substituent effect, scores were found 

in range of 245-285 nm [56]. 

 

 

 

2,5-Disubstituted-1,3,4-oxadiazole compounds revealed an intense absorption 

band at the visible range where π–π* transitions are occurred. The maximum wavelength 

of this band obviously shifts with the azole unit, as well as with the oxadiazole moiety 

showed an absorbance peak at 376 nm [57].  

 

2.1.2.3.C. 1H Nuclear Magnetic Resonance (1H NMR) Spectroscopy 

In 1H NMR spectrum, the disappearance of N-H peak in hydrazide function while 

it converts 1,3,4-oxadiazole structure is well-descriptor point for ring cyclization. 1,3,4-

Oxadiazole does not have hydrogen atom itself which corresponds no 1H NMR response 

[58].  

2.1.2.3.D. 13C Nuclear Magnetic Resonance (13C NMR) Spectroscopy 

 

 

 

In 13C NMR spectra, second and fifth carbons of the 1,3,4-oxadiazole nucleus 

were seen around 171 and 168 ppm, respectively [59]. 
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2.1.2.3.E. Mass Spectrometry 

 

 

Scheme 2. Mass fragmentation of 2,5-disubstituted-1,3,4-oxadiazole 

 

2,5-Disubstitutedphenyl-1,3,4-oxadiazole molecular structure was recorded with 

mass spectra by Singh and researchers in 2012. The general mass fragmentation pattern 

of 1,3,4-oxadiaozle ring was shown in Scheme 2 and molecular ion peak at 272.69 of 

compound was found in conformity with the molecular formula [60]. 

 

2.1.3. 1,3,4-Oxadiazole-2(3H)-thione 

2.1.3.1. Chemical Properties  

Recently, intra- or intermolecular proton transfer on a molecule has been an 

interesting point for many chemical and biological processes [61-64]. As an example 

mercapto-azoles tautomeric forms exhibit variety of chemical reactivities like substitution 

reactions [65]. In this respect, there is a growing interest in chemists for investigation of 

thione-thiol tautomers of 1,3,4-oxadiazole and their electronic natures [66-69]. 

 

 

Scheme 3. Thiol-thione tautomerism of 1,3,4-oxadiazole 

 

In 2014, Arslan and coworkers studied on tautomerization energies of 1,3,4-

oxadiazole-2-thiol/thione structures (Scheme 3). Experimental data revealed that C1-N1 
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bond length was found 1.323 Å and this value was good to be in range of reference C-N 

(1.47 Å) and  C=N (1.28 Å) bond lenghts.  Besides C1-N1 bond longer than C2-N2 (1.281 

Å) data ; multiple nature of this bond could also be explained with C1-S1 bond length 

(1.649 Å). Consequently, the N1-C1 and C1-S1 bonds lenghts were seemed to be 

remarkable indicator to decide the exact tautomer type. For thione tautomer; C1-S1 bond 

has a double bond character while this bond exhibits single bond character in the thiol 

tautomer. On the contrary, the N1-C1 bond is a single bond in the thione tautomer whereas 

it is a double bond in the thiol tautomer [70].   

 

2.1.3.2. Chemical Synthesis  

 

 

 

 Young and Wood in 1955, found the synthesis pathway of 1,3,4-oxadiazole-

2(3H)-thione ring in 1982. Alkyl esters of different benzoic acids were converted into 

hidrazid group by hydrazine hydrate. Yield products were reacted with carbondisulphide 

and potassium hydroxide to provide the cyclization of 1,3,4-oxadiazole-2(3H)-thione 

ring. As a result of the study, product yields were found in range of moderate to good 

scores [71]. 

 

 

 

In 1988 Molina and friends presented a new method for 1,3,4-oxadiazole-2(3H)-

thione ring closure. Alkyl 2-methyldithiocarbazates were converted alkyl 3-acyl-2-
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methyldithiocarbazate derivatives via presence of acyl chloride derivatives in dry toluene 

with significant reaction yields [72]. 

 

 

 

Loetchutinat and co-workers dealed with synthesis concept of 3,5-

disubstituted,3,4-oxadiazole-2(3H)-thiones by cyclocondensation of aroylhydrazides 

with thiophosgene [73].  

 

 

 

Macaev and researchers reported other pathway of 2,5-disubstituted-1,3,4-

oxadiazole synthesis from hydrazine derivatives using tetramethylthiuram disulfide 

(TMTD) in DMF. According to the procedure, 1,3,4-oxadiazole nucleus was produced 

with cyclization of acyl hydrazones [74]. 

 

2.1.3.3. Spectral Properties  

2.1.3.3.A. Infrared (IR) Spectroscopy 

IR data of 1,3,4-oxadiazole-2(3H)-thione can indicate thiol or thione tautomer of 

the ring. Presence of a sharp band in range of 1467-1200 cm-1 without an absorption at 

2600-2550 cm-1 (S-H) refers thione (C=S) form of the ring. Also broad band 3192 cm-1 

represents N-H moiety in 1,3,4-oxadiazole fragment which supports the state of thione 

tautomer [75]. 
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2.1.3.3.B. Ultraviolet-Visible (UV-Vis) Spectroscopy 

 The λmax values of 1,3,4-oxadiazole-2(3H)-thione structure in UV spectrum, 

represent as strong absorptions at 260 and 208 nm [76]. 

 

2.1.3.3.C. 1H Nuclear Magnetic Resonance (1H NMR) Spectroscopy 

Besides IR data, 1H NMR responses are also used for a cross-check to determine  

exact tautomer type of 1,3,4-oxadiazole-2-thione/thiol ring. The presence of S-H peak in 

range of 1-3 ppm reveals thiol form whereas broad peak in between 7-10 ppm represents 

thione tautomer of the ring [69, 77]. 

 

2.1.3.3.D. 13C Nuclear Magnetic Resonance (13C NMR) Spectroscopy 

Signals at 157.1 and 155.3 ppm for second and fifth carbons present in the 1,3,4-

oxadiazole-2(3H)-thione in 13C NMR spectra, confirms the formation of ring [78]. 

 

2.1.3.3.E. Mass Spectrometry 

 Molecular ion (M+) peaks of different 5-substituted-1,3,4-oxadiazole-2-(3H)-

thiones were compatible with molecular weights of compounds [79, 80]. 

 

2.1.4. Mannich Bases of 1,3,4-Oxadiazole-2(3H)-thiones 

2.1.4.1. Chemical Properties  

The NH proton at third position of 1,3,4-oxadiazole-2-(3H)-thione is adequately 

acidic to obtain the Mannich base compounds. Particularly, N-Mannich bases like 

piperazine derived compounds represent higher reaction yields and lipophilic properties 

[81, 82]. 
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2.1.4.2. Chemical Synthesis 

 

 

 Following the method of Young and Wood in 1955, Soni and co-workers  

continued the chemical process with substitution on third position of 1,3,4-oxadiazole 

ring in 1982. According to their synthesis pathway, presence of formaldehyte and primary 

amine groups, compound 5 was substituted with different amines via a methylene bridge. 

As a result of the study, yield percentages of obtained products were in range moderate 

to good values [71, 83].  

Chemical reactions of N-Mannich derivatived 1,3,4-oxadiazole-2(3H)-thiones are 

resulted with high yield products in researches. Equimolar doses of primary or secondary 

amines which contains active hydrogen and formaldehyte composes this three-step 

reaction with desired results [17, 84]. Some N-Mannich bases of  1,3,4-oxadiazole-2(3H)-

thione compounds that were mentioned as to have significant level of reaction yields in 

previous researches are depicted in Scheme 4 [17, 84-88]. 
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Scheme 4. Different N-Mannich bases of 1,3,4-oxadiazole-2(3H)-thione ring: Compound 1 [85], 2 [86], 

3 [84], 4 [17], 5 [87], 6 [88] 

 

2.1.4.3. Spectral Properties 

2.1.4.3.A. Infrared (IR) Spectroscopy 

Disappearance of N-H band nearly 3300 cm-1 and continuation of spesific C=S 

signals in 1,3,4-oxadiazole-2(3H)-thione structure in 1300-1100 cm-1 confirms the IR 

spectra to assign the structures of Mannich bases [17]. 

 

2.1.4.3.B. Ultraviolet-Visible (UV-Vis) Spectroscopy 

 λmax values of N-Mannich bases may be variable based on their molecular 

contents. Particularly, aromatic structure containing derivatives reveal bathochromic 

shifts depend on  π → π * transitions [81]. 
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2.1.4.3.C. 1H Nuclear Magnetic Resonance (1H NMR) Spectroscopy 

The absence of signal due to N-H in 1H NMR spectra and the presence of a new 

singlet for N-CH2-N in the range of 4.79-5.13 confirms that 1,3,4-oxadiazol-2(3H)-

thiones (3) are converted into corresponding Mannich bases [17]. 

 

2.1.4.3.D. 13C Nuclear Magnetic Resonance (13C NMR) Spectroscopy 

In the 13C NMR spectra; thione C=S and imine C=N carbons appear at around 179 

and 155 ppm, respectively. Additionally, other characteristic signals for N-CH2-N carbon 

presents in range of 60-70 ppm [17]. 

 

2.1.4.3.E. Mass Spectrometry 

 
Scheme 5. Mass fragmentation of N-Mannich base  

 

Frank and researchers synthesized secondary amine derived 1,3,4-oxadiazole-

2(3H)-thione compounds by Mannich reaction procedure. Mass fragmentations of target 

molecules were found compatible with molecular masses of compounds. As depicted in 

Scheme 5, fragmentation was occured primarily from methylene bridge that combine 

primary amine and third position of 1,3,4-oxadiazole ring [89]. 
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2.2. Biology 

2.2.1. Biologic Properties of 1,3,4-Oxadiazole 

2.2.1.1. Antiinflammatory Property 

 

 

 

Grover and researchers dealed with a new series of 2,5-biaryl-1,3,4-oxadiazole 

synthesis and test molecules were investigated for their selective COX-2 inhibition. In 

vivo carregenan-induced paw edema assay method, structure-activity relationship 

indicated that methylsulfonyl moieties of synthesized compounds increased COX-2 

inhibitor potential which were also supported by molecular docking studies [90]. 

 

 

 

A series of 3-[5-(phenyl/phenylamino)-1,3,4-oxadiazole-2-yl]-chromen-2-one 

derivatives were synthesized and screened for antiinflammatory activity by Akhter and 

coworkers. According to in vivo carrageenan-induced inflammation test results, 

percentage of edema inhibition was in range of 35-89%. Particularly 2,4-dichlorophenyl 

containing  was evaluated as the most active compound (89% inhibition of oedema) than 

reference ibuprofen [91]. 
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 In 2008, Nagalakshmi dealed with the synthesis of 2,5-disubstituted-1,3,4-

oxadiazole and screened them for antiinflammatory potential via in vivo carregenan-

induced paw edema test model.  4-methoxyphenyl derivative was found to have 50% 

inhibitor potential whereas reference drug phenylbutazone exhibited 53.57% [92].  

 

 

 

A number of compounds that have 2,5-disubstituted-1,3,4-oxadiazole ring which 

were bonded to third position of 1,2-benzisothiazole nucleus; screened for their 

antiinflammatory properties. Research procedure was applicated by in vivo carrageenan-

induced rat paw edema model and results revealed that second positioned phenyl/anilino 

derivatives were found to have good inhibitor values [93]. 
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 According to Durgashivaprasad and researchers in 2014, 2,5-disubstituted-1,3,4-

oxadiazoles showed antiinflammatory activity in both of acute and chronic inflammation 

models. Structures of OSD and OPD (related to positions of o-acetyl group on benzen 

rings) revealed that the former compound had an o-acetyl substitution in the benzene 

moiety attached to second position of oxadiazole moiety like molecular structure of 

aspirin. OSD (second positioned o-acetyl group on benzene ring) reduced carrageen-

induced paw edema by 60% while OPD (para-positioned o-acetyl group on benzen ring) 

produced 32.5% reduction. The significant point was the mechanism of antiinflammatory 

effect of OSD may be through inhibition of cyclooxygenase pathway [94]. 

 

 

 

Husain and researchers derived a series of 3-[5-(substitutedaryl)-1,3,4-oxadiazol-

2-yl]-1-(biphenyl-4-yl)propan-1-ones and screened for their in vivo antiinflammatory 

activity by carrageenan-induced paw edema method. Test scores of compounds were in 

range of 43.75% to 62.50% which meaned equipotent to reference compound fenbufen 

Particularly, 2-naphtyloxymethyl, 4-methoxyphenyl or 3,4-dimethoxy phenyl 

substitutions were seemed to develop antiinflammatory activity of these fenbufen 

derivatives [95]. 
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2.2.1.2. Antioxidant Property 

 

 

 

A new class of 1,3,4-oxadiazole tagged thieno[2,3-d]pyrimidines derivatives were 

prepared and studied for their antioxidant activity by Kotaiah and coworkers in 2012. 

Compounds were tested for with variety of in vitro antioxidant assays. As a common 

critic for all assays (DPPH, nitric oxide (NO) and hydrogen peroxide (H2O2) inhibition), 

compounds containing mild electron-withdrawing groups like fluoro, chloro or both of 

them located on benzene rings revealed good radical scavenging activity than reference 

ascorbic acid [96]. 

 

 

 

Eight 1,3,4-oxadiazole derivatives containing phenolic acid moieties and eight of 

their diacylhydrazine precursors were synthesized and examined by scavenging of DPPH 

radicals by Mihailovic and research team. According to test results, phenolic 1,3,4-

oxadiazoles were found as the most active antioxidant compounds when they compared 

with their corresponding diacylhydrazine precursors. These biologic activity data could 

be explained via substitution types and positions on both aromatic rings and their 

contribution about resonance stabilization on the molecule with 1,3,4-oxadiazole ring 

[97]. 
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Reddy and researchers were studied on new class of 2-{[(substitutedanilino) 

sulfonyl]methyl}-5-{[(substitutedpyrazolyl/isoxazolyl)sulfonyl]methyl}-1,3,4-oxadiazo 

les synthesis and controlled for their antioxidant activity with in vitro DPPH, nitric oxide 

(NO), hydrogen peroxide (H2O2) inhibiton methods. Biological studies were done with 

different sample doses and according to the reference ascorbic acid, 100 µM was found 

statistically the most active dosage. As a comparison about antioxidant potencies of 

compounds, isoxazolyl derivatives preserved better activity profile [98]. 

 

 

 

 

Mohana and coworkers designed a series of 5-substituted-1,3,4-oxadiazole-2-

thiols that synthesized by different aldehydes. The antioxidant activity of synthesized 

compounds were evaluated with DPPH, hydroxyl, superoxide radical scavenging and 

nitric oxide inhibiton assay methods. Compounds that showed significant radical 

scavenging potential contained electron donating substituents on aldehydes groups of 

their molecular structures [99]. 
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2.2.1.3. Analgesic Property 

 

 

 

1,3,4-Oxadiazole compounds were screened for their analgesic activity by in vitro 

tail immersion method by Bala and coworkers in 2013. Among all the compounds, 4-

chloro and 2-chloro substituted molecules showed maximum analgesic property at 100 

mg/kg. Actual reason for that observable activity potential difference were originated due 

to electron-withdrawing nature of halogens, which ultimately enhanced the lipophilicity 

to contribute the entrance of compounds through biological membranes [8]. 

 

 

 

Analgesic potency of 1,3,4-oxadiazole ring was also studied with Husain and 

Ajmal in 2009.  Compounds that revealed antiinflammatory activity higher than 45 % 

were checked for their analgesic activity. In vitro acetic acid induced writhing method 

was used for analgesic activity and compound scores were in between 44.1 to 70.6 %, 

whereas the reference drug acetylsalicylic acid showed 63.2 % with same molar dosages 

(25 mg/kg). As a consequence, compounds having 3,4-dimethoxyphenyl or 4-

chlorophenyl substitutions of heterocyclic ring enhanced analgesic activity with 

theoritically significant level [100]. 
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Bhardwaj and coworkers evaluated that second and fifth positions of 1,3,4-

oxadiazole ring are extremely important sites for molecular modification. Synthesized 

compounds exhibited good antiinflammatory activity (44.45–83.34%) against 

carragenean induced paw edema, whereas the standard drug diclofenac showed 83% 

inhibition under similar conditions. Among tested compounds, pyridine on second and 

acetyl on fourth position of 1,3,4-oxadiazole containing compound represented the 

highest (83.34%) antiinflammatory activity. The presence of methoxy group at second 

position and pyridine revealed the best analgesic activity of 1,3,4-oxadiazole derivative 

[101]. 

 

 

In 2004 Amir and coworkers synthesized a compound serie which included a 

heterocyclization step of carboxylic acid moiety of diclofenac and then derivatized with 

different chemical substituents. Biologic activities of tested compounds reflected that 

1,3,4-oxadiazole derivatives showed analgesic activity in range of 78.57-81.86% and they 

were better than the reference drug diclofenac (70.32%). According to test results, 

electron-withdrawing groups elevated the analgesic activity of the compounds [102]. 
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2.2.2.4. Antimicrobial Property 

 

 

 

Panda and friends prepared some novel pyridine derived 1,3,4-oxadiazole 

compounds and studied on their antibacterial potentials. All the synthesized compounds 

were found effective against both gram positive and gram negative microorganisms. 

Especially, amine-containing molecule showed most inhibitor score against E. coli, S. 

epidermidis and P. vulgaris [103]. 

Also Ahsan and coworkers studied on similar core structure and all the 

synthesized compounds were tested against two gram-positive bacterial strains which 

were S.aureus, B. subtilis and two gram-negative bacterial strains E. coli, P. Aeruginosa. 

Obtained scores were compared with standard drug ciprofloxacin. According to results, 

particularly, halogen-containing molecules were active on all four bacterial strains and 

chlorine-containing molecule was found most active against E.coli and P. aeruginosa. 

Hydroxy-contaning molecules was active on B.subtitis and S.aureus [104].  

In a further study in which presented by Kumar and coworkers, series of 2,5-

disubstituted-1,3,4-oxadiazole were tested for their antibacterial properties against S. 

aureus and K. pneumoniae with reference streptomycin. Compounds antifungal activity 

capacities against P. salmonicolor and M. phaseolina was also checked with standart 

griseofulvin. The antimicrobial activity of the compounds were differentiated according 

to the type and position of the substituents at 5-substituted-2-amino-1,3,4-oxadiazole 

moiety. Antimicrobial test results clearly revealed that, aryl halide fragments located on 

1,3,4-oxadiazoles were seemed to induce desired activity [105]. 
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Banday and coworkers evaluated 2,5-disubstituted-1,3,4-oxadiazoles and 

screened their antimicrobial activity profiles. Consequences showed that nature of 

substituent at 2 and 5 position of oxadiazole ring may have significant effect in particular 

–NH2 group on oxadiazole ring and the –OH group on fatty acid chain were seemed as to 

enhance desired responce [106]. 

 

2.2.1.5. Anticancer Property 

 

 

 

A series of regioisomeric 2-(disubstituted)phenyl-5-(5-phenyl-thien-2-yl)-1,3,4-

oxadiazole analogues were synthesized and screened for in vitro anticancer studies by 

using MTT colorimetric assay. Particularly, 2,5-dimethoxyphenyl substituted derivative 

demonstrated superior activity against breast (MDA-231) cancer cells. Also this 

compound displayed excellent activity against prostate cancer (DU-145), colon cancer 

(HCT-15) and 3,4-dimethoxyphenyl substituted derivative revealed strong potency 

against breast cancer (MDA-231) cells [107]. 
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A novel series of 2,5-disubstituted-1,3,4-oxadiazole analogs were screened for in 

vitro anticancer activity on leukemia, melanoma, colon, central nervous system, ovarian, 

renal, prostate and breast cancer cell lines. Among synthesized compounds, 4-chloro-

containing candidate showed maximum activity with percentages of growth inhibition 

(GI);  61 % for prostate (UO-31) and 76 % for breast (MCF) cancer cells [104]. 

 

 

 Salahuddin and researchers synthesized new 2,5-disubstituted-1,3,4-oxadiazoles  

to detect their potential therapeutic effects for cancer. Among all tested molecules, two 

of them were able to generate desired mean growth percentage of 66.23 and 46.61 [108]. 
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2.2.2. Biologic Properties of 1,3,4-Oxadiazole-2(3H)-thione 

2.2.2.1. Antiinflammatory Property 

 

 

 

Amir and coworkers synthesized some novel 2,5-disubstituted-1,3,4-oxadiazole 

derivatives and screened for their antiinflammatory property by in vivo carregenaan-

induced rat paw edema test. Compounds that have chloro atoms on phenyl moiety showed 

good antiinflamatory property in which they also tested for their ulcerogenic and lipid 

peroxidation activities for the next step [109]. 

 

 

 

Some 1,3,4-oxadiazole-2-thiones were designed by Jakubkiene and coworkers 

and their antiinflammatory activities were decribed by both of in vivo 

carregenan/bentonite-induced paw edema assays.  Most of the tested compounds were 

showed better antiinflammatory activity than reference compound acetylsalicylic acid. 

Especially, morpholino-possessed 1,3,4-oxadiazole-2(3H)-thione was one of the most 

active compound in which its carragenan induced edema score 29.7% and bentonite-

induced edema score 26.4% whereas acetylsalicylic acid was found as 19.8 and 21.6%, 

respectively [110]. 
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El Sayed and coworkers modelled a series of indol bonded 1,3,4-oxadiazole-

2(3H)-thione derivatives. Compounds were screened for their antiinflammatory with in 

vitro  proinflammatory and immunomodulator cytokine inhibition potentials. None of 

compounds seemed to be able to supress immunomodulator cytokines like interleukine-

2 (IL-2) and interleukine-4 (IL-4). However 5-indol and 3-alkyl-5-indol derived 

analogues revealed excellent nitric oxide (proinflammatory cytokine) inhibitor effect, 

compared to reference ibuprofen [111]. 

 

 

 

Antiinflammatory activity of 1,3,4-oxadiazole-2(3H)-thione derivatives were 

studied by Burbuliene and researchers with in vitro carrageenin and bentonite-induced 

paw oedema in rats. As reference compounds in experiments; acetylsalicylic acid and 

ibuprofen were used. The results of in vitro inflammation tests showed that title 1,3,4-

oxadiazole-2(3H)-thiones represented antiinflammatory activity and compounds that 

involve pyrrole, piperidine and morpholine moieties represented better potential than 

acetylsalicylic acid in carrageenin and bentonite-induced test their activity. Particularly 

morpholine-containing compound was found as the most potent molecule [112]. 
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Concerning the pyridyl derived 1,3,4-oxadiazole-2(3H)-thiones; 3,5-dimethoxy 

phenyl containing molecule served the highest PGE2 inhibitor effect which was about 

68% while indomethacin as reference drug exhibited just 60% inhibitor potential [113]. 

 

 

 

5-(3,5-Di-tert-butyl-4-hydroxyphenyl)-1,3,4-oxadiazole-2-one/thiones were 

designed and synthesized to be potent dual inhibitors of 5-LOX/COX by Mullican and 

coworkers [114]. 
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 Based on many research studies, different substituted 1,3,4-oxadiazole-2(3H)-

thione compounds were known as to have severe antiinflammatory potential via several 

biologic pathway without gastric side effects. In this manner to support one of the effector 

mechanisms; 1,3,4-oxadiazole-2-thione derivatives were reported as dual 5-LOX/COX 

inhibitors by Boschelli and researchers. Lipoxygenases (LOXs) are other enzyme family 

that originated from arachidonic acid like COXs. Their subgroups are mainly 5-LOX and 

12-LOX in which 5-LOX is mainly responsed by allergic reactions and inflammation. 

According the chemical modifications and their biological results; replacement of thione 

group in 1,3,4-oxadiazole core by carbonyl showed lower suppressor effect on this 

inflammatory 5-LOX enzyme group [115]. 

 

 

 

The docking results showed that Schiff base series of 1,3,4-oxadiazole-2(3H)-

thione analogues were screened to act as selective inhibitors of COX-2 in comparison to 

the reference indomethacin. Antiinflammatory screening data represented that biological 

activity is directly associated with molecular structures of compounds. Among the tested 

1,3,4-oxadiazole-2-thione derivatives, para-positioned hydroxy group containing 

compounds showed significant antiinflammatory activity [116]. 

 

 

 

 

 

 

 

 

 



38 

 

2.2.2.2. Antioxidant Property 

 

 

 

Alp and researchers modelled and synthesized novel 2,5-disubstituted-1,3,4-

oxadiazoles and their in vitro antioxidant capacities were examined by lipid peroxidation 

(LP) test and microsomal EROD activity. S-substituted-1,3,4-oxadiazole-5-thiols 

represented moderate inhibitory activity on LP levels in the range of 46%-61% in which 

they were seemed to highly responsed for EROD activity. Besides LP and EROD 

methods, free radical scavenging potentials of the compounds were also checked and 

paralelly resulted with in vitro DPPH method [117]. 

 

 

Nazarbahjat concerned with new derivatives of 1,3,4-oxadiazole synthesis and 

studied for their antioxidant activities. In vitro DPPH and ferric reducing antioxidant 

power (FRAP) assay tests were used to determine free radical scavenging capacity of 

compounds. Five positive controls (quercetin, BHT, trolox, rutin, and ascorbic acid) were 

screened compare the antioxidant capacity of test compounds. DPPH results obviously 

showed that ortho substituted ethylmercapto moiety was seemed to significantly increase 

radical scavenging activity according to other test molecules [118]. 
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2.2.2.3. Analgesic Property 

 

A series of new 1,3,4-oxadiazoles were synthesized in order to have potent 

analgesic activity by Almasirad and coworkers. Compounds were searched for their 

analgesic activities by formalin-induced nociception test. All sulphone and thione 

containing compounds showed analgesic activity in the late phase of formalin test in 

comparison to control mefenamic acid [119]. 

 

 

 

Desai and co-workers were studied on various benzene sulphonyl derived 1,3,4-

oxadiazole-2-thiols. Analgesic activities of synthesized compounds were done with in 

vivo radiant heat induced rat tail flick method using aspirin as a standard. Most of the 

compounds demonstrated significant analgesic activity (64.20-120.72%) compared to 

reference aspirin (49.39%) [120]. 
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5-Substituted-1,3,4-oxadiazole-2(3H)-thione derivatives were evaluated for their 

analgesic activity by the use of acetic acid induced writhing method at equimolar doses 

equivalent to 25 mg/kg (diclofenac sodium) body weight using wistar albino mice. Active 

compounds possessed significant analgesic activity in the range of 56.30–62.70% 

whereas standard diclofenac sodium, represented activity 57.96% [121]. 

 

2.2.2.4. Antimicrobial Property 

 

 

 

Different 1,3,4-oxadiazole-2-thiones that contain 1- or 2-napthyloxymethyl 

containing compounds were synthesized by Sahin and research team. Compounds were  

were investigated against S. aureus, E. coli and P. aeruginosa, C. albicans, C. krusei and 

C. parapsilosis by the use of microbroth dilution method in which test results showed 

napthyl fragments were seemed moderately active particularly against C. Krusei [122].  
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2-(5-Thioxo-1,3,4-oxadiazol-2-yl)indoles analogues were synthesized with the 

reaction of indole-2-carboxy hydrazides with CS2 and KOH. Antimicrobial screening 

demonstrated that these compounds showed moderate activity against S. aureus, E. Coli. 

P. vulgaris and B. Subtilis [123]. 

 

 

 

Evaluation of in vitro antimicrobial activity of synthesized nalidixic acid derived 

1,3,4-oxadiazole-2(3H)-thiones were studied by Grover and research team. Test samples 

were resulted mild to moderate antimicrobial activity against E. coli, K. aerogenes and 

good inhibitor activity against enteric pathogen A. hydrophilia [124]. 

 

2.2.2.5. Anticancer Property 

 

 

 

A series of 5-substituted-indol-2-one derivatives were screened against HeLa 

cancer cell lines using MTT assay. Halogen-containing derivatives (fluoro, bromo) at 

fifth position showed the most potent activities [125]. 
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Feng and researchers designed and synthesized a series of 1,3,4-oxadiazole-2(3H)-

thione derivatives and studied for their anticancer activity. In silico compounds were 

docked into the ATPase domain of TP-II and according to docking scores, 4-chloro and 

4-nitro substitutions provided excellent anticancer prototype human leukemia cancer cell 

line (K-562) [126]. 

 

2.2.3. Biologic Properties of Mannich Bases of 1,3,4-Oxadiazole-2(3H)-thione 

2.2.3.1. Antiinflammatory Property 

 

 

 

N-Mannich base in which contan piperidine moiety had strong antiinflammatory 

activity comparable to reference drug indomethacin in carrageenan-induced rat paw 

edema test [127]. 
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Manjunatha studied on the antiinflammatory activity of novel N-Mannich bases 

of 2,3-dihydro-1,3,4-oxadiazole-2-thiones. Ibuprofen derived several Mannich bases 

were found as active as diclofenac to reduce rat paw edema [17].  

 

2.2.3.2. Antioxidant Property 

 

 

 

N-Mannich bases of 1,3,4-oxadiazole-2-thione were designed for their antioxidant 

properties by Ma and coworkers. Compounds antioxidant potencies were evaluated by 

different iv vitro assay methods like DPPH, FRAP and ABTS radical assays. N-Mannich 

bases that contain halogen groups (particularly flourine atom)  were only the compounds 

that generated high potency in all three assays with higher scores than reference Trolox 

[128]. 
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The antioxidant properties of the most effective compounds were found to have 

3,4,5-trimethoxy-substituted benzene attacched to 1,3,4-oxadiazole ring. Also 

compounds including substituted pyridine ring and trifluoromethyl pyridine next to amino 

methyl group in parent 1,3,4-oxadiazole-2(3H)-thione core were seemed to facilitate their 

antioxidant activities when compared with reference propyl gallate [129]. 

 

 

 

In vitro antioxidant activity studies of 3,5-disubstituted-1,3,4-oxadiazole-2-

thiones were tested by DPPH, nitric oxide inhibition and hydrogen peroxide scavenging 

assays. Consequences obviously revealed that electron donating group that incorporate 

on aromatic ring, can act as free radical scavenging agents. Chloro moiety at fourth 

position of phenyl ring and two diethyl groups on amine served maximum antioxidant 

activity in common for all test methods. This may be due to electron-donating properties 

of both chloro and diethyl group that leads to induction of radical scavenging [130]. 
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2.2.3.3. Analgesic Property 

 

 

 

Mannich bases of 1,3,4-oxadiazole-2(3H)-thione investigated for their analgesic 

properties by the use of hot plate and tail flick methods. Compounds showed highly 

significant analgesic activity according to reference pentazocine [131].  

 

 

 

Two candidates that synthesized from ibuprofen were converted to 2,3-dihydro-

1,3,4-oxadiazole-2(3H)-thiones. By the use of either 4-(4-fluorophenyl)piperazine or 

ethyl piperidine-4-carboxylate with 1,3,4-oxadiazoles, some Mannich bases were 

produced with a special reaction mechanism. Obtained compounds were seemed to be 

more efficient analgesics than reference drug diclofenac in hot plate test [17]. 
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N-Mannich base that possessing thiazole ring was equipotent to reference drug 

diclofenac in acetic acid-induced writhing test [127]. 

 

2.2.3.4. Antimicrobial Property 

 

 

Bis-Mannich bases derived from dapsone as amine reagent, aldehytes and 

variously 5-substituted-1,3,4-oxadiazole-2(3H)-thiones were found to have excellent 

antimicrobial activities against both isoniazid-sensitive and isoniazid-resistant strains of 

M. tuberculosis and synthesized compounds were evaluated as 5-fold more than 

isoniazid-sensitive, 10-fold more than isoniazid-resistant strain [132]. 

 

 

 

Another study about antimicrobial capacities was done for Mannich bases of 2,3-

dihydro-1,3,4-oxadiazole-2(3H)-thiones and reference drug isoniazid. Morpholino and 4-

methyl piperazine derived compounds responsed to have moderate activity potentials 

compared to reference drug [85]. 
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Nimbalkar and coworkers produced a novel series of 5-(4-(benzyloxy)substituted 

phenyl)-3-((phenylamino)methyl)-1,3,4-oxadiazole-2(3H)-thione Mannich bases,  in 

good yields. The antifungal activity of the new molecules was evaluated against seven 

human pathogenic fungal strains and among synthesized imidazole-condaining derivative 

generated good antifungal activity against all the tested fungal pathogens [133]. 

 

 

 

Antifungal activity of Mannich bases has been reported  in many researches up to 

this time. Several Mannich bases were seemed to have equipotent activity with reference 

drug cyclopiroxolamine against A. fumigatus, T. mentogrophytes, A. flavus and but not 

against P. marneffei [17]. 
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Morpholine or 3-trifluoromethylaniline derived Mannich bases showed high 

activity against A. fumigatus, T. mentogrophytes, A. flavus and P. Marneffei compared to 

reference drug cyclopiroxolamine [86]. 

 

 

 

Mannich base set of 1,3,4-oxadiazole-2(3H)-thione demonstrated moderate 

antifungal potenties on Candida spp. [134]. 
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Most Mannich bases 5-[2-acetylamino-5-methyl-1,3-thiazole-4-yl]-1,3,4-

oxadiazole-2(3H)-thione group had weak antifungal activity against A. niger, C. albicans 

and A. clavatus, but one candidate that contain 4-methoxy phenyl was 2-fold more active 

than reference drug ketoconazole against A. niger and C. albicans [135]. 

 

2.2.3.5. Anticancer Property 

 

 

 

Rahman and coworkers studied on anticancer potentials of 1,3,4-oxadiazole-

2(3H)-thione Mannich bases; 2-chlorophenyl or 4-chlorophenyl containing ones were 

found to serve higher cytotoxicity than reference drugs 5-fluorouracil (5-FU) or 

cyclophosphamide against NCI-H460 (lung), SF-268 (glioblastoma) and MCF-7 (breast) 

cancer cell lines using SRB assay [136].  

 

 

 

Several Mannich bases of 1,3,4-oxadiazole-2(3H)-thione core was investigated 

for their ability to block the growth of tumors with an in vivo method by Dash and 

researchers. Especially compounds that having methyl, hydroxyl, nitro or chloro 

substituents on the phenyl ring at fifth position of 1,3,4-oxadiazole-2(3H)-thione ring, 

were evaluated as the most potent ones on Ehrlich ascites carcinoma cells. These 

compounds reduced the growth of tumor volume in range of 52-74% whereas 5-FU 

inhibited tumor formation by 93%. [137].  



50 

 

 

 

 

 

 

 

  

 

Cytotoxicity studies of different Mannich bases were evaluated against a panel 

involving many cancer cell lines using SRB assay and several candidates exhibited 

cytotoxic activities against these cancer cell lines [138]. 

 

 

 

 

 

 

Furthermore, Mannich bases of a fluoroquinolone derived 1,3,4-oxadiazole-

2(3H)-thione hybrids were screened for their cytotoxicity against Hep3B cancer cells 

using MTT assay. Results demonstrated that synthesized compounds were more potent 

than standart compound. Especially, dimethyl amino substituted molecule was more 

potent that reference drug bisantrene [139]. 

 

 

 

-NR1R2: -NMe2, NEt2, piperidin-1-yl,  morpholin-

4-yl, 4-methylpiperazin-1-yl, anilino, 4-

methoxyanilino,  2-methoxyanilino, 4-

methylanilino, 4-chloroanilino    
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In the work of Yadav and research team, new 5-(4-(tert-butyl)phenyl)-1,3,4-

oxadiazole-2(3H)-thiones have been synthesized and searched for their in vitro anticancer 

activity using various assays. Among synthesized molecules, p-nitro substituted 

derivative represented best apoptotic activity on HeLa cervical cancer cells which was 

greater than those of previous studies about oxadiazole derivatives on the same cancer 

cell line [140]. 

 

 

Recently published study by Bajaj in 2018, about structure activity relationships 

(SARs) of substitutions on aromatic rings at third and fifth positions, also thione group at 

second position of 1,3,4-oxadiazole moiety were important for MCF-7 cell inhibitory 

activity. Compound with 4-hydroxyaniline and 4-chlorophenyl and at third and fifth 

positions of 1,3,4-oxadiazole-2-thione ring showed potent cytotoxicity against MCF-7 

cells when compared with reference drug adriamycin [141]. 

 

 

 

Sun and coworkers represented a series of novel 1,3,4-oxadiazole-2(3H)-thione 

derivatives containing phenylpiperazine groups. Compounds were evaluated against  

different cancer cells. According to consequences, trifluorophenyl substituted candidate 

revealed significant antitumor activity compared with the 5-FU [142]. 
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A series of quinoline derivatives bearing 1,3,4-oxadiazole ring were synthesized 

by Juan and coworkers. For broad-spectrum cancer screening, telomerase inhibitor and 

antitumor activity potential of compounds were evaluated with RAP-PCR-ELISA assay 

and three cancer cell lines (HepG2, SGC-7901 and MCF-7) respectively. According to 

test results, compounds contain 2-fluoro and 4-chloro showed the most potent anticancer 

activities, which were comparable to the reference drug [143]. 

 

2.3. Biologic Activity 

Inflammation is an immune system response and caused by damaged cells, toxic 

compounds or irradiation [144]. In acute inflammation, biologic signals are rapidly 

generated in order to release inflammatory mediators in which removal of these harmful 

stimuli is corresponded to initiate the healing process [145]. Thereby, inflammation could 

named also as a defense mechanism [146] that during acute inflammatory processes, 

cellular and molecular interaction sequences tend to decrease the severity of injury or 

infection via restoration of tissue homeostasis. However, if acute inflammation become 

uncontrolled, it may turned into chronic inflammatory diseases [147]. In this condition, 

local vascular, immune and inflammatory cell responses are responsed to the symptoms 

of swelling, heat, pain and loss of tissue function [148]. As a consequence of vascular 

response; increased vascular permeability corresponds leukocyte accumulation and 

inflammatory mediator secretion through damaged cell region [145, 149]. Depended on 

these immunologic responses, organism initiates a chemical signaling cascade which 

aims to heal the affected tissues. For example, leukocyte chemotaxis is occurred from the 

general circulation to sites of damage and stimulate the formation of cytokines to 

moderate inflammatory facts [150]. At this time, resident tissue cells are hosted these 

biologic stimuli for the coordination of inflammatory mediator levels at associated site of 

injury [151]. Inflammation is a common pathogenesis of various chronic diseases, 
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including diabetes, arthritis, cardiovascular problems, bowel diseases and cancer [152]. 

Even though inflammatory response processes depend on the feature of the initial 

stimulus and its location in the body, they all share a common biologic cascade which 

could be sequenced as: 

1. Cell surface pattern receptors recognize harmful signals  

2. Inflammatory mechanisms are activated  

3. Inflammatory markers are secreted  

4. Inflammatory cells are augmented 

These inflammatory mediators which are organized by intracellular signaling 

pathways might be exemplified with histamine, prostaglandins and nitric oxide function 

to dilate vascular smooth muscle in order to increase blood flow for bring in circulating 

leukocytes. Also acting on endothelial cells to increase vascular permeability is resulted 

as plasma protein and leukocyte transportation from the systemic circulation. In 

particular, tumor necrosis factor (TNF) and interleukin-1 (IL-1) that named as cytokines, 

promote leukocyte extravasation (Figure 3). In this condition, molecules generated from 

plasma proteins and cells are corresponded to tissue destruction or pathogens coordinate 

inflammation by changing vascular responces, leukocyte transportation and inflammatory 

system initiation (Granulocytes include neutrophils, basophils, and eosinophils) [153]. 
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Figure 3. Activation pathways of responced cell types and their secreted mediators in an inflammatory 

condition [153] 

 

To deep insight for biochemical mediators that are secreted during inflammation, 

responsed to propagate the inflammatory phenomenons. These mediators are soluble and 

diffusible molecules that able to act locally or systemically in which functioned as to 

induce vascular permeability, smooth muscle contraction, leukocyte activation and 

increase mast-cell degranulation. As inflammatory mediators like bradykinin, which is 

purposed to dilate vessels and increased vascular permeability to activate phospholipase 

A2 (PLA2) to actuate arachidonic acid (AA). Bradykinin is also a major mediator 

responsed in the pain stimuli. Other mediators are produced in injured tissue cells or 

leukocytes augmented to the site of inflammation. For example, histamine and serotonin 

which are a type of vasoactive amines released by mast cells, platelets, and basophils. 

Histamine causes arteriolar dilation so capillary permeability, contraction of nonvascular 

smooth muscle and associated with pain. Also histamine-induced vascular effects are 

mediated by H2 receptors in which they also have special function for gastric secretion. 

Similar to histamine, serotonin (5-hydroxytryptamine) is located at platelets and mast 

cells in the gastrointestinal tract (GI) and central nervous system (CNS). Serotonin also 

induces vascular permeability and contracts nonvascular smooth muscle. Additionally, 

interleukins 1–10 (IL 1-10), tumor necrosis factor α (TNF-α), interferon γ (INF-γ) 
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are named as cytokines, majorily produced by macrophages and lymphocytes and 

functionalized as inflammatory molecules like histamin and seratonin. Particularly, 

interleukin-1 (IL-1) and TNF-α mobilize and stimulate leukocyte activation, induce 

proliferation of B and T cells and natural killer cell cytotoxicity takes place in 

inflammatory processes. IL-1, IL-6, and TNF-α organize the acute responses and pyrexia 

that may provoke infection and can cause systemic clinical signs, possessing anorexia and 

sleepy mood. In the acute phase, interleukins effect the liver to synthesize acute-phase 

proteins, including complement components, coagulation factors, protease inhibitors, 

and metal-binding proteins (Scheme 6). In chronic inflammation, cytokines like; IL-1, 

IL-6, and TNF-α provide the activation of osteoblasts and fibroblasts and the secretion 

of enzymes such as stromelysin and collagenase that can cause cartilage and bone 

resorption. Several studies also claims that cytokines mediate synovial cells and 

chondrocytes to secrete pain-inducing mediators [154].  

 

Scheme 6. Inflammatory mediators and their cellular sources [155] 

 

Besides immun responced cytokines like; interleukins and TNF-α, lipid-derived 

autocoids also play important roles in the inflammatory responses and they are recent 

focus point for design of new anti-inflammatory drugs. These autocoids are named as 

eicosanoids and involving prostaglandins, prostacyclin, thromboxane A, leukotrienes 
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and the modified phospholipids such as platelet activating factor (PAF). Eicosanoids 

are synthesized by activated leukocytes, mast cells, and platelets, therefore, widely 

distributed in organisms. Hormones and other inflammatory mediators (TNF-α, 

bradykinin) stimulate eicosanoid production either by direct activation of phospholipase 

A2 (PLA2) or indirectly by increasing intracellular calcium (Ca2+) concentrations (Figure 

4). Cell membrane damage can also cause an increase in intracellular Ca2+. Activated 

PLA2 directly hydrolyzes arachidonic acid (AA) which is rapidly metabolized via one of 

two enzyme pathway as, cyclooxygenase (COX) pathway leading to the formation of 

prostaglandin and thromboxanes or the 5-lipoxygenase (5-LOX) pathway that produces 

the leukotrienes [154]. 

 

Figure 4. Inflammatory response of cPLA2 by the entrance of calcium into the cell [156]. 

 

Cyclooxygenase catalyzes the oxygenation of arachidonic acid to form the cyclic 

endoperoxide prostaglandin G2 (PGG2), which is converted to prostaglandin H2 

(PGH2). Both PGG2 and PGH2 are unstable and rapidly converted to various 

prostaglandins, prostacyclin (PGI1) and thromboxane A2 (TXA2). In the vascular beds, 

prostaglandin E1 (PGE1), prostaglandin E2 (PGE2) and prostaglandin I1 (PGI1) are 

potent arteriolar dilators and enhance vascular permeability whereas prostaglandin F-2α 

(PGF2α) and thromboxane (TXA) result smooth muscle contraction and 

vasoconstriction [136]. On the other hand, cyclooxygenases (COXs) are exerted in two 
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isoforms (Figure 5) in which first subtype cyclooxygenase-1 (COX-1) emerges 

constitutively in most of the mammalian cells and platelets. Main target organs of this 

enzyme are stomach, forebrain, kidney, uterine and vascular endothelium. As afore 

mentioned, their physiological role is to support the production of prostoglandins (PGs) 

which are necessary for homeostatic functions and gastric cytoprotection whereas second 

subtype named cyclooxygenase-2 (COX-2) enzyme exhibits in PG formation during 

inflammation and tumorigenesis [155-158].  

 

Figure 5. General prostanoids and their effector subtypes in arachidonic acid cascade [159] 

 

During inflammatory processes, especially prostaglandin E2 (PGE2) is able to 

elicit a wide range of biological effects. During the initial phase of the inflammatory 

response, PGE2 and related prostanoids such as PGI2, act as vasodilators to promote the 

tissue entrance of macrophages, neutrophils and mast cells from the bloodstream lead to 

edema at inflamed area [160]. Additionally PGE2 has four kinds of receptor subtypes 

(EP1–EP4) which corresponds variety of actions including pyrexia, pain sensation and 

particularly inflammation. In recent years, the molecular mechanisms refering the PGE2 

activity mediated-EP subtypes have been set up by studies using mice deficient in each 

EP subtypes. Many compounds that selective to each EP subtype contributed different 
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responses in which it was well to discuss how PGE2 initiates and triggers inflammation 

at the molecular level showed in Figure 5 [159]. According to clinical reveals, particularly 

COX-1 induced PGE2 is responsed to facilitate homeostatic phenomenons (vasodilation, 

smooth muscle relaxation and protecting GI barrier) based on bonding different EP-

subtypes, COX-2 induced PGE2 is formed during inflammatory situations and forms 

associated physiological symptoms (heat, redness, swelling, pain, etc.) [161]. Other 

biologic function of prostaglandins is to stimulate nociceptors for facilitating the 

formation of pain-inducer mediators like bradykinin and histamine and in high 

concentrations, can directly effect sensory nerve endings. Last COX-induced eicosanoid 

named TXA2, is a potent platelet-aggregating agent involved in thrombocyte activation 

and found majorily in leukocytes, platelets and the lungs. Besides COX, another main 

enzyme family is 5-lipooxygenase (5-LOX) and catalyzes the production of unstable 

hydroxyperoxides from arachidonic acid. These hydroxyperoxides are subsequently 

converted to peptide leukotrienes. Leukotriene B4 (LTB4) and 5-hydroxyeicosatet 

ranoate (5-HETE) are strong chemoattractants stimulating polymorphonuclear 

leukocyte movement. LTB4 also stimulates the production of cytokines in neutrophils, 

monocytes and eosinophils. Other leukotrienes contribute the secretion of histamine and 

other autocoids from mast cells and stimulate bronchiolar constriction and mucous 

secretion. In some species, leukotrienes C4 and D4 are more potent than histamine in 

contracting bronchial smooth muscle (Figure 6). Leukotriene group autocoids are 

predominantly involved in allergic reactions [154].  
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Figure 6. Many prostaglandins and eicosanaoids derived from COX and LOX families in inflammatory 

processes [157] 

 

Platelet activating factor (PAF) is composed from cell membrane phospholipids 

by the action of PLA2. PAF is synthesized by mast cells, platelets, neutrophils, 

eosinophils and increases platelet aggregation and promotes platelets to release 

vasoactive amines and synthesize thromboxanes. PAF also induces vascular permeability 

and causes neutrophils to aggregate and degranulate [154]. PAF plays a significant role 

in pathology of many inflammatory diseases. In recent years, some of natural PAF 

antagonists (andrographolide, α-bulnesene, cinchonine)  have been used as therapeutic 

agents for the humans against many inflammatory diseases in which these problems either 

originated from immunological or non-immunological types. (Figure 7) [162]. 

 

 

 

 

 

Figure 7. PAF antagonism mechanism in inflammatory processes [162] 
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Another chemical mediator named nitric oxide (NO), is an important cell-

signaling messenger in a wide range of physiologic and pathophysiologic processes. 

Small amounts of NO play a role in maintaining resting vascular tone, vasodilation, and 

antiaggregation of platelets. By physiological effect of certain cytokines (TNF-α, IL-1) 

and different responsed mediators, large quantities of NO are stimulated in this 

inflammatory conditions. Vasodilator effect of NO, facilitates macrophage-induced 

cytotoxicity and may facilitate to joint destruction in some types of arthritis [154]. This 

important chemokine is considered as a proinflammatory mediator and induces 

inflammation due to overproduction in abnormal situations. The process is controlled by 

an enzyme system which is called as nitric oxide synthases (NOSs). These are responsible 

from stimulation of NO production and its augmentation into the damaged location of 

endothelial cells . There are three isoforms of NOS named according to their target which 

are neuronal NOS (nNOS), constitutive endothelial NOS (eNOS) and inducible NOS 

(iNOS) in Figure 8. They are also numbered as NOS1, NOS2, NOS3 associated with 

nNOS, iNOS and eNOS, respectively [163]. Particularly for inflammatory reactions, 

proinflammatory cytokines correspond to induction of the iNOS in monocyte-

macrophages, neutrophil granulocytes and many other cells; in the case of bacterial 

infection or another strong inducer of expression. As a results, amounts of NO are 

produced, exceeding the physiological NO level by up to nearly 1000-fold [164-166]. 

 

 

Figure 8. Schematic representation of nitric oxide syntheases (NOSs) [163] 

 

As a traditional drug regimen, steroidal (corticosteroids), non-steroidal 

antiinflammatory drugs (NSAIDs) and disease-modifying antirheumatic drugs are used 
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to relief inflammatory symptoms for many years. However clinically used compounds 

like prednisolone, naproxen, ibuprofen, diclofenac, etc. have been caused severe 

gastrointestinal and renal side effects. Depended on phosholipase A2 (for prednisolone) 

and non-selective COX inhibition, many patients have been suffering from these 

pathologic situations [167]. Thereby, routine therapy models are tried to developed by 

pharmaceutical industries to reduce severe side effects which is primarily gastric 

ulceration. As a consequence, selective COX-2 inhibitors were seemed to overcome these 

problems but in this case, cardiotoxicity was emerged as another significant side effect 

[168]. To lower the risk of inflammatory drug therapy, researchers need new strategies to 

evaluate desired effects within the safe responses [169]. In these regards, new molecular 

modulations have been settled, depended on bioisosteric replacement of specific 

molecular functional groups that cause ulcerogenesis, to be able to suppress especially 

gastric side effects [17]. Besides new molecular modulation approach, designed 

compounds are also evaluated for their inhibitor potentials on different inflammatory  

mediators like prostaglandins, leukotrienes, interleukins, tumor necrosis factors, nitric 

oxide, etc.  

 

2.4. In vitro Antiinflammatory Assay Models 

Depended on different inflammatory mediators in which they originate either from 

plasma (e.g. complement proteins [kinins]) or from cells (e.g. prostaglandins, cytokines, 

histamines). Large amount of experimental issues and detailed data subject inflammatory 

mediators and particularly, the most common mediators that are studied for inflammation 

are histamine, prostaglandins (PGs), leukotrienes (LTB4), nitric oxide (NO), platelet-

activation factor (PAF), bradykinin, serotonin and cytokines [170, 171]. Majorily in vitro 

antiinflammatory assay models were summarized as: 

 

2.4.1. Conjugated Diene Assay 

 Conjugated dienes are major products of lipid peroxidation in inflammatory 

process. Inserting more double bond enhances the rate of lipid peroxidation by 30 to 100 

fold which corresponds chain to conjugate after peroxidation [172, 173]. 
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2.4.2. Anti-proteolytic Activity Assay 

 In order to investigate antiinflammatory activity, the presence of a powerful 

antiprotease activity is evaluated and exact information concerning the activity of 

antiprotease percentages reflect the growth of pathogenic bacteria which corresponds 

bacteria-associated inflammation [174]. 

 

2.4.3. β-Glucuronidase Inhibition Assay 

 Casein hydroxylate consumers have been patients of neonatal jaundice. In order 

to block enterohepatic circulation of bilirubin, patients who are tended to this inflamed 

lived illness, have to inhibit β-glucuronidase activity that is found in casein hydroxylate 

formula [175]. 

 

2.4.4. WST-1 Antiinflammatory Assay 

 The WST-1 assay protocol is depended on the cleavage of WST-1 to formazan by 

mitochondrial dehydrogenases. It is also used to assess human neutrophil dysfunction and 

to compare antiinflammatory activity [176, 177]. 

 

2.4.5. HET-CAM Antiinflammatory Assay 

 Choriallantoric membrane of incubated hen’s eggs as in vitro model (HET-CAM) 

are studied compared to the in vivo croton oil test by possessing indomethacin, phenyl 

butazone and aspirin etc. These bioassays are able to reflect the antiinflammatory 

property of the constituents tested [178]. 

 

2.4.6. MHS Antiinflammatory Assay 

 The anti-inflammatory assay was determined as, the total volume of 250 ml MHS 

solution with pH 7.4 containing neutrophils/ml, WST-1 and various concentration of the 

drug samples. IC50 values are calculated by the comparison of DMSO, as blank and 

demonstrated as percent inhibition of superoxide generation [179, 180]. 
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2.4.7. LPS-induced Nitric Oxide (NO) Inhibition Assay 

 Sodium nitroprusside (SNP) is a natural source of nitric oxide and induced by 

bacterial lipopolysaccharide (LPS). For the evaluation of antiinflammatory properties of 

tested samples; inflammatory nitric oxide in terms of nitrite secretion by cells (RAW 

264.7 cells) are measured colometrically using Griess reagent [181]. 

 

2.4.8. LPS-induced Prostaglandin E2 (PGE2) Inhibition Assay 

Prostaglandin E2 (PGE2) is measured by a colorimetric assay by the use of a PGE2 

assay kit (R&D Systems, Minneapolis, MN, USA), according to the kit manufacturer’s 

instructions [181]. 

 

2.4.9. Tumor Nectosis Factor-𝛼 (TNF-𝛼) Inhibition Assay 

TNF-𝛼 is measured by ELISA using a mouse-specific TNF-𝛼 ELISA Kit 

(Komabiotech, Seoul, Republic of Korea) based on the manufacturer’s instructions [181]. 

 

2.4.10. Interleukin-1𝛽 (IL-1𝛽) and Interleukin-6 (IL-6) Inhibition Assay 

IL-1𝛽 and IL-6 are determined by colorimetric assays using mouse-specific 

immunoassay kits (R&D Systems) according to the manufacturer’s instructions [181]. 

 

2.4.11. Necrosis Factor-κβ (NF- κβ) Inhibition Assay 

Free radicals and reactive oxygen metabolites provoke inflammation by the 

induction of some inflammatory genes, possessing NF-𝜅𝛽 [21, 22]. Activation of NF-𝜅𝛽 

corresponds to elevation of the inflammatory stimuli by generation of several 

proinflammatory cytokines and enzymes. In order to evaluate the antiinflammatory 

potencies of test samples based on NF-𝜅𝛽 inhibition mechanism, a NF-𝜅𝛽 (p65) 

Transcription Factor Assay Kit (Cayman Chemical Company, Ann Arbor, MI, USA) 

according to the manufacturer’s protocol [181]. 
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 2.5. In vivo Antiinflammatory Assay Models 

Inflammation is an orchestrated defense mechanism by the organism to eject the 

injurious stimuli and to start up the recovery process. Without inflammation, infectional 

conditions would never recover and organized destruction of the tissue would prevent 

survival of the organism [182]. In vivo antiinflammatory assay models are given below 

in which they are studied as time-dependent acute and chronic inflammatory applications. 

 

2.5.1. Acetic Acid-induced Vascular Permeability  

The antiinflammatory activity of tested compound may be depended on inhibition 

of proinflammatory cytokine production, neutrophil-mediated myeloperoxidase activity, 

inhibition of IL-1β and TNF-α and inhibition of leukocyte augmentation. Test results 

suggest a compound may have therapeutic effect for different immune-related cutaneous 

diseases [183]. 

 

2.5.2. Carrageenan–induced Edema 

The inhibition activity of test compound is correlated with inflammatory 

mediators such as histamine, serotonin and prostaglandin by using this assay model.. 

After the application of test sample, the percentage inhibition of paw volume in drug 

treated group is compared with the reference group [184]. 

 

2.5.3. Carrageenan-induced Air Pouch Model 

The anti–inflammatory activity is evaluated by inhibiting either release of 

lysosomal enzymes or by stabilizing the lysosomal membrane, which is one of the major 

events responsible for the inflamatory process [185]. 

 

2.5.4. Carrageenan-induced Pleurisy in Rats 

After the intrapleural injection of carrageenan on the right side of the thorax to 

detect the antiinflammatory effect of compounds, they are applicated on test animals. 

Results are showed an inhibitory effect on leukocyte migration and a reduction on the 

pleural exudates [186]. 
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2.5.5. Carrageenin- and Arachidonic Acid-induced Paw Edema  

   

Inflammatory mediators such as kinin, serotonin, and PGs are released by ethyl 

phenylpropiolate (EPP) and phenylbutazone (COX inhibitor) represented a marked 

decresion of the ear edema. It has a good indicator value to evaluate antiinflammatory 

compounds [187].  

 

2.5.6. Cotton Pellet-induced Granuloma 

Cotton pellets weighing are autoclaved and implanted subcutaneously into both 

sides of the groin region of each rat. Antiinflammatory activity of sample may be 

generated by inhibition of histamine, serotonin and prostaglandin mediators [187]. 

 

2.5.7. Croton Oil-induced Mouse Ear Edema 

Croton oil and test sample are induced to inner part of right ear of animal. In the 

concept of this model, The inflammatory process is originated from the secretion 

mediators from tissues and migrated cells with their released molecules like 

prostaglandins (PGs), leucotrienes (LTs), histamine, bradykinin, platelet-activating factor 

(PAF) and interleukin-1 [188]. 

 

2.5.8. Egg White-induced Hind Paw Edema 

Animals were divided into groups and samples are administered orally into those 

group of animals. In this model, desired response is measured by the release of active 

pain, substance such as histamine, serotonin, polypeptides or prostaglandins [189]. 

 

2.5.9. Human Red Blood Cell (HRBC) Membrane Stabilization 

HRBC membrane have similar properties with lysosomal membrane composition, 

the prevention of hypotonicity induced HRBC membrane destruction is used as a 

parameter of antiinflammatory activity of tested samples [190]. 
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2.5.10. Formalin-induced Edema in Rat Paw 

Rats were divided into groups and inflammation is emerged by subponeurotic 

injection of formaldehyde in the right hind paw. Depended on formalin exposure process, 

before antiinflamatory drug application demonstrates the acute and/or chronic anti-

inflammatory activity responces of compounds [191]. 

 

2.5.11. Hyaluronidase Inhibitory Assay 

Hyaluronidase is an enzyme that decomposes hyaluronic acid in which it is an 

important part of extracellular matrix in connective tissue. By degrading the components 

of connective tissue, hyaluronidase contributes the distribution of inflammatory 

mediators throughout these tissues, therefore facilitating to the pathogenesis of 

inflammatory diseases like allergic reactions, transportation of cancer cells, inflammation 

and the induction in permeability of vascular system [192]. 

 

2.5.12. Kaolin-induced Paw Edema 

 Tested compounds are evaluated to act as inhibitors of cyclooxygenase and 5-

lipooxygenase. They are also deteched for their agonistic effect of histamine and down 

regulation of cyclooxygenase activity. It also blocks the secretion of prostaglandin 

synthesis by the use of kaolin-induced paw oedema test method [193]. 
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3. MATERIAL and METHODS 

 

3.1. Chemistry 

3.1.1. Materials  

 In this work, salicylic acid, ibuprofen, sulphuric acid, hydrazine hydrate, 

carbondisulphide, 1-phenylpiperazine, 1-(4-fluorophenyl)piperazine, 1-(2-fluorophenyl)- 

piperazine, 1-(4-trifluoromethylphenyl)piperazine, 1-(3-trifluoromethylphenyl)piperazi- 

ne,  1-(4-chlorophenyl)piperazine, 1-(2-chlorophenyl)piperazine monohydrochloride, 1-

(3,4-dichlorophenyl)piperazine, 1-(2,3-dichlorophenyl)piperazine hydrochloride, 1-(4-

methylphenyl)piperazine, 1-(2,3-xyxyl)piperazine, 1-(4-methoxyphenyl)piperazine, 1-

(3-methoxyphenyl)piperazine, 1-(2-methoxyphenyl)piperazine, 4-piperazinobenzonitri- 

le, 1-(2-cyanophenyl)piperazine, 1-(2-pyridyl)piperazine, N-(2-pyrimidinyl)piperazine, 

ethanol, methanol, n-hexane were purchased from Sigma–Aldrich (Germany). 

 

3.1.2. Methods of Synthesis  

3.1.2.1. General procedure for the preparation of methyl esters  

A solution of 1g salicylic acid (0.007 mol) or ibuprofen (0.005 mol), 10 ml 

methanol and 0.75 ml concentrated sulphuric acid was prepared. Mixture was gently 

refluxed at 85oC about 75 minutes by mixing. At the end of reaction, solution mixture 

was cooled and extracted with hexane. Organic layer was taken and evaporated. Isolated 

ester compounds were checked by thin layer chromatography with benzene:methanol 

(90:10) mobile phase system [194].  

 

3.1.2.2. General procedure for the preparation of aroylhydrazides 

The mixture of 0.1 mol methyl esters of salicylic acid or ibuprofen and 0.2 mol of 

hydrazine hydrate was refluxed in 20 ml absolute alcohol about 10-20 hours. The excess 

solvent was evaporated under reduced pressure and the concentrated solution was 

quenched into ice cold water. The precipitated white solid was filtered, rewashed with  

water and dried about 2 days. The crude product was purified by recrystallization from 

water to produce pure hydrazide compounds. Isolated hidrazide compounds were checked 

by thin layer chromatography with benzene:methanol (40:60) mobile phase system [17]. 
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3.1.2.3. General procedure for the preparation of 5-substituted-1,3,4-oxadiazole-2- 

(3H)-thione 

Approciate aroyl hidrazide (0.1 mol), KOH (0.1 mol) in absolute alcohol (50 mL) 

and CS2 (0.2 mol) was taken in a round bottom flask and refluxed for about 20-25 hours 

untill evolution of hydrogen sulfide was ceased. The reaction mixture was cooled to room 

temperature and diluted with water. The product precipitated out on acidification with 

10% hydrochloric acid was filtered, thoroughly crystallized with hexane. Isolated 5-

substituted-1,3,4-oxadiazole-2(3H)-thione compounds were checked by thin layer 

chromatography with benzene:methanol (90:10) mobile phase system [17]. 

 

3.1.2.4. General procedure for the preparation of Mannich bases 

A mixture of 5-substituted-1,3,4-oxadiazole-2(3H)-thione (0.01 mol), 

formaldehyde (0.015 mol) and piperazine derivative (0.01 mol) in 15 ml ethanol or 

methanol was continously reacted at room temperature through overnight. The 

precipitated solids in reaction media were filtered and recrystallized from ethanol or 

methanol to obtained desired Mannich bases [17]. Acetic acid was added preferently, 

depended on reaction yields.  

 

3.1.3. Analytical Methods 

3.1.3.1. Melting point determination 

Melting points (oC) determination of compounds were determined by using a 

Mettler Toledo FP62 capillary melting point apparatus and are uncorrected. 

 

3.1.3.2. Controls by Thin Layer Chromatography 

 Material: 

Plates: Silicagel F-254 (Merck) plaques (20x20 cm) 

Solvents: Three different solvents systems were prepared to be used as mobile 

phases chromatographic controls of compounds 

S1: Benzene:Methanol (90:10) T:25oC 
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S2: Benzene:Methanol (40:60) T:25oC 

S3: Toluene: Acetone: Acetic acid (75:25:10) T:25oC 

Method:  

Dragging condition: Solvent systems were poured to chamnbers and kept for 1 

hour for saturation. 

Reactions were monitored with TLC after dissolving the synthesized compounds 

and starting materials with suitable solvents and application of them with Pasteur pipettes 

onto silica gel plates. The plates were dragged for 10 cm at room temperature. Rf values 

of compounds were calculated. 

Stain determination: Stains of synthesized compounds and their starting materials 

were determined by UV light (254/365 nm). 

 

3.1.4. Spectral Analysis 

3.1.4.1. Ultraviolet Spectra 

 Ultraviolet spectra were recorded on Agilent 8453 UV-Spectroscopy. Compound 

were dissolved in acetonitrile in which UV cut-off value is 190 nm. 

 

3.1.4.2. Infrared Spectra 

Infrared spectra or synthesized compounuds were recorded on Perkin-Elmer 

Specrum One series FT-IR apparatus (Version 5.0.1.), using potassium bromide pellets, 

the frequencies were demonstrated in cm-1. 

 

3.1.4.3. 1H-NMR Spectra 

 1H-NMR spectra were recorded with a Varian Mercury-400 FT-NMR 

spectrometer (Varian Inc., Palo Alto, CA, USA), using tetramethylsilane (TMS) as the 

internal reference, with dimethyl sulphoxide (DMSO-d6) as solvent, the chemical shifts 

were recorded in parts of milllion (ppm). 
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3.1.4.4. 13C-NMR Spectra 

13C-NMR spectra were recorded with a Varian Mercury-400 FT-NMR 

spectrometer (Varian Inc., Palo Alto, CA, USA), using tetramethylsilane (TMS) as the 

internal reference, with dimethyl sulphoxide (DMSO-d6) as solvent, the chemical shifts 

were recorded in parts of milllion (ppm). 

 

3.1.4.5. Mass Spectra 

The Mass spectra of compound 5c and 10a were recorded with  LC/MS Agilent 

Single Quad AGT-G61258A. 

 

3.1.4.6. Elemental analysis 

 Elemental Analysis were performed on LECO 392 CHNS (Leco-932, St. Joseph, 

MI, USA) instrument. 

 

3.2. Biological Studies 

3.2.1. Cell Viability 

The murine macrophage RAW264.7 cell line (ATCC, USA) were maintained in 

DMEM High Glucose supplemented with 10% FBS and 1% penicillin (10,000 units/mL) 

and streptomycin (10,000 µg/mL) at 37°C in a 5% CO2 atmosphere. Cell viability was 

measured by using MTT colorimetric assay which depends on the mitochondrial 

dependent reduction of MTT formazan. Plated RAW264.7 cells were treated with various 

concentrations of compounds (50-100 µM). After 24 hours, cell medium was discarded 

and MTT solution (0.5 mg/mL) was added to wells for additional 2 hours at 37°C. After 

incubation, cell culture medium was removed and 100 μl of isopropanol was used to 

dissolve the formazan. The absorbance was determined at 570 nm wavelengths by a 

microplate reader (Thermo Multiskan Spectrum, Finland). The absorbance of control 

group was considered as 100%. The percentage of cell viability was calculated as follows:  

 

 



71 

 

%Viability = 
(Absorbance of treatment group−Absorbance of background) 

× 100%. 
(Absorbance of the control group−Absorbance of background)  

 

 

3.2.2. Antiinflamatory Activity  

3.2.2.1. COX-1/COX-2 Enzyme Inhibition Assay 

Synthesized compounds were evaluated for their selective cyclooxygenase (COX) 

inhibition with COX Assay Kit (Cayman No: 700100) to analyze the inhibitory potential 

of the test compounds on COX-1 and COX-2 enzymes provides a fluorescent assay 

method in which ADHP (10-acetyl-3,7-dihydroxyphenoxazine) is used to serve as 

substrate to peroxidase component of the enzyme and the enzymecatalyzed formation of 

resorufin, a highly fluorescent compound, is measured with an excitation wavelength of 

530 nm and an emission wavelength of 585 nm. Each test compound was analyzed in 

dublicate applications. The enzyme-free and inhibitor-free assay systems were used as 

control experiments. The percentage of enzyme inhibition was calculated as follows:  

 

% inhibition = 
(Initial activity−Sample activity) 

× 100% 
(Initial activity) 

 

3.2.2.2. Nitric oxide (NO) Inhibition Assay 

Anti-inflammatory activity of compounds were evaluated by measuring the stable 

nitric oxide (NO) metabolite, nitrite, levels in cell culture media, with Griess reagent 

(Kiemer and Vollmar, 1997). RAW264.7 cells were plated at density of 1x106/ml in a 48 

well-plate and incubated for 24 hours at 37°C in 5% CO2. After cell culture media was 

aspirated, cells were pre-treated with various concentrations of compounds (50-100 µM) 

for 2 hours and then stimulated with 1 µg/mL of LPS (lipopolysaccharide from E.coli 

0111:B4, Sigma, USA) for additional 22 hours. The collected culture supernatant was 

mixed with equal volume of Griess reagent [1% sulfanilamide and 0.1% N-(1-naphthyl) 

ethylenediamine dihydrochloride in 5 % phosphoric acid] in a 96 well-plate and incubated 

at room temperature for 10 min in the dark. The absorbance was determined using a 

microplate reader (Multiskan Ascent, Finland) at 540 nm wavelength. The concentration 
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of nitrite in samples was calculated by using sodium nitrite standard curve. Indomethacin 

(100 µM) was used as a positive control [195, 196]. 

 

3.2.2.3. Prostaglandin E2 (PGE2) Inhibition Assay 

PGE2 concentrations in cell culture supernatants of the molecules which have 

shown to reduce inflammation in NO assay were measured by using a commercially 

available quantitative enzyme-linked immunosorbent assay (ELISA) kit (Abcam PGE2 

ELISA Kit, UK) according to manufacturer’s instructions. 

 

3.2.3. Antioxidant Activity  

3.2.3.1. DPPH Scavenging Assay 

The capacity of compounds to scavenge free radicals was measured by using 

DPPH (2,2’-diphenyl-1-picrylhydrazyl) assay (Blois, 1958). The reaction mixture 0.1 

mM DPPH was prepared in methanol. The absorbance of samples was measured at 

517 nm at room temperature after 30 minutes under dark conditions. Ascorbic acid (100 

µM) was used as a reference compound. The radical scavenging activity (RSA) of 

compunds were calculated as the percentage of radical scavenging as follows [197]: 

 

DPPH RSA % = 
(Absorbance of control−Absorbance of sample) 

× 100% 
(Absorbance of the control) 

 

 

3.2.4. Statistical Analysis 

All repeated experiments were conducted in triplicate. Statistical analysis was 

performed by using GraphPad Prism 6 (Version 6.01; GraphPad software, Inc., San 

Diego, CA). Differences between groups were analyzed by using one-way ANOVA 

following the post-hoc tests by Tukey. Statististical correlation was measured by Pearson 

coefficient. Group differences were considered to be significant at p<0.05. 
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3.3. Docking Studies 

Docking studies were carried out by GLIDE [198], as a standard docking program 

for the targets of COX-1 (PDB ID: 5U6X [199]) and COX-2 (PDB ID: 5IKT [200]) 

enzymes. To test whether the docking program can correctly reproduce the binding mode 

and to evaluate docking program, redocking experiments were performed using the co-

crystallized inhibitors and the crystal structures. Glide was tested and Glidescore (SP) 

was chosen as fitness function. The proper pose was evaluated according to the root mean 

square deviation (RMSD) of predicted conformations versus the corresponding native 

one; based on the principle of docking poses with RMSD of less than 2.0 Å are in 

agreement with the X-ray structure. Therefore, this docking program and setup were used 

in further studies. Then, a dataset of totally 16 samples was generated. For this dataset, 

25 conformers for each molecule were produced using ConfGen [201]. The aim of 

conformer generation is to generate a set of low energy 3D structures which includes the 

so-called bioactive conformation of a molecule that is the conformation in which it binds 

to the target [202]. 

 

 

  



74 

 

4. RESULTS 

 

4.1. Chemical Data 

5-(2-Hydroxyphenyl)-3-[(4-phenylpiperazin-1-yl)methyl]-1,3,4-oxadiazole-2(3H)-

thione (Compound 5a) [84] 

 

 

 

5-(2-Hydroxyphenyl)-1,3,4-oxadiazole-2(3H)-thione (0.01 mol, 1.94 g), 1-phenyl- 

piperazine (0.01 mol, 1.62 g), formaldehyde (0.015 mol, 0.55 ml) in 15 ml ethanol were 

reacted according to general synthesis method at 3.1.2.4. 

 

Yield (%) : 84 

Retention factor (Rf) : 0.61 [Toluene: Acetone: Acetic acid (75:25:10)]   

Physical appearance : White powder 

Melting point (oC) : 170 

Solubility : Highly soluble with acetone and DMSO.  

Practically insoluble in water 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 3332 (O-H stretching); 2886 (aromatic C-H stretchings); 1626 (C=N 

stretching); 1598, 1573, 1502, 1489 (aromatic C=C stretchings); 1441 (O-H bending); 

1326 (C-O stretching); 1223 (C=S stretching) ; 766 (phenyl C-H bendings); 746 (2-

hydroxyphenyl C-H bendings) (Figure 9). 

 

Figure 9. IR spectrum of Compound 5a  

  

1H NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 2.90 (4H, t, J=4.8 Hz, piperazin H2+H6); 3.13 (4H, t, 

J=4.8 Hz, piperazin H3+H5); 5.1 (2H, s, -N-CH2-N-); 6.76 (1H, t, J=7.2 Hz, phenyl H4’); 

6.90 (2H, bd, J=8 Hz, phenyl H2’+ H6’); 6.95-6.99 (1H, m, phenyl H5); 7.05 (1H, bd, 

J=8.4 Hz, phenyl H6); 7.18 (2H, t, J=7.8 Hz, phenyl H3’+H5’); 7.42-7.46 (1H, m, phenyl 

H4); 7.66 (1H, dd, J=8 J’=1.6 Hz, phenyl H3); 10.51 (1H, bs, -OH) (Figure 10). 
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Figure 10. 1H NMR spectrum of Compound 5a   
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5-(2-Hydroxyphenyl)-3-{[4-(4-fluorophenyl)piperazin-1-yl]methyl}-1,3,4-oxadiazole-

2(3H)-thione (Compound 5b) 

 

 

 

5-(2-Hydroxyphenyl)-1,3,4-oxadiazole-2(3H)-thione (0.01 mol, 1.94 g), 1-(4-fluoro-

phenyl)piperazine (0.01 mol, 1.80 g), formaldehyde (0.015 mol, 0.55 ml) in 15 ml ethanol 

were reacted according to general synthesis method at 3.1.2.4. 

 

Yield (%) : 76 

Retention factor (Rf) : 0.63 [Toluene: Acetone: Acetic acid (75:25:10)]     

Physical appearance : White powder 

Melting point (oC) : 160 

Solubility : Highly soluble with acetone and DMSO.  

Practically insoluble in water 

Elemental analysis   

Molecular formula : C19H19FN4O2S 

Molecular weight (g/mol) : 386.44 

 

 C H N S 

Calculated (%) 59.05 4.96 14.50 8.30 

Found (%) 58.56 4.99 14.52 8.52 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 3425 (O-H stretching); 2956 (aromatic C-H stretchings); 1613 (C=N 

stretching); 1598, 1499, 1490 (aromatic C=C stretchings); 1454 (O-H bending); 1404 (C-

O stretching); 1259 (C=S stretching); 809 (4-fluorophenyl C-H bending); 746 (2-

hydroxyphenyl C-H bending) (Figure 11). 

 

Figure 11. IR spectrum of Compound 5b  

 

1H NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 2.86 (4H, t, J=5 Hz, piperazin H2+H6); 3.06 (4H, t, J=5 

Hz, piperazin H3+H5); 5.09 (2H, s, -N-CH2-N-); 6.9 (1H, d, J=4.8 Hz, phenyl H6’); 6.92 

(1H, d, J=4.8 Hz, phenyl H2’); 6.94-6.98 (1H, phenyl H5); 7.00 (1H, d, J=8.8 Hz, phenyl 

H5’); 7.02 (1H, d, J=8.8 Hz, phenyl H3’); 7.03 (1H, d, J=8.4 Hz, phenyl H6); 7.40-7.44 

(1H, m, phenyl H4); 7.64 (1H, dd, J=7.6 J’=1.6 Hz, phenyl H3); 10.51 (1H, bs, -OH) 

(Figure 12). 
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Figure 12. 1H NMR spectrum of Compound 5b   

 

13C NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 49.08 (piperazine C2+C6); 49.57 (piperazine C3+C5); 

69.53 (-N–CH2-N-); 109.00 (phenyl C1); 115.09+115.31 (phenyl C2’+ C6’); 117.04 

(phenyl C3); 117.39+117.47 (phenyl C3’+C5’); 119.46 (phenyl C5); 129.09 (phenyl C6); 

133.63 (phenyl C4); 147.87+147.89 (phenyl C1’); 154.90 (phenyl C2); 156.40 (C=N); 

157.25+158.02 (phenyl C4’-F); 177.11 (C=S) (Figure 13). 

 

Figure 13. 13C NMR spectrum of Compound 5b 
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5-(2-Hydroxyphenyl)-3-{{4-[4-(trifluoromethyl)phenyl]piperazin-1-yl}methyl}-1,3,4-

oxadiazole-2(3H)-thione (Compound 5c) 

 

 

 

5-(2-Hydroxyphenyl)-1,3,4-oxadiazole-2(3H)-thione (0.01 mol, 1.94 g), 1-(4-trifluoro- 

methylphenyl)piperazine (0.01 mol, 2.30 g), formaldehyde (0.015 mol, 0.55 ml) in 15 ml 

ethanol were reacted according to general synthesis method at 3.1.2.4. 

 

Yield (%) : 60  

Retention factor (Rf) : 0.67  [Toluene: Acetone: Acetic acid (75:25:10)]   

Physical appearance : White powder 

Melting point (oC) : 161 

Solubility : Highly soluble with acetone and DMSO.  

Practically insoluble in water 

Elemental analysis   

Molecular formula : C20H19 F3N4O2S 

Molecular weight (g/mol) : 436.45 
 

 

 C H N S 

Calculated (%) 55.04 4.39 12.84 7.35 

Found (%) 54.86 4.47 12.90 7.46 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 3336 (O-H stretching); 2837 (aromatic C-H stretchings); 1618 (C=N 

stretching); 1598, 1577, 1522, 1490 (aromatic C=C stretchings); 1445 (O-H bending); 

1334 (C-O stretching); 1256 (C=S stretching); 823 (4-(trifluoromethyl)phenyl C-H 

bendings); 746 (2-hydroxyphenyl C-H bendings) (Figure 14). 

 

Figure 14. IR spectrum of Compound 5c  

 

1H NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 2.88 (4H, t, J=4.8 Hz, piperazine H2+H6); 3.28 (4H, t, 

J=4.8 Hz, piperazine H3+H5); 5.09 (2H, s, -N-CH2-N-); 6.93-6.97 (1H, m, phenyl H5); 

7.03 (3H, bd, J=8.8 Hz, phenyl H3’+H5’+H6); 7.40-7.44 (1H, phenyl H4); 7.46 (2H, bd, 

J=8.8 Hz, phenyl H2’+H6’); 7.64 (1H, dd, J=7.6 J’=1.6 Hz, phenyl H3); 10.51 (1H, bs, -

OH) (Figure 15). 
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Figure 15. 1H NMR spectrum of Compound 5c  

 

13C NMR spectrum 

δ ppm (400 MHz’DMSO-d6): 46.98 (piperazine C2+C6); 49.31 (piperazine C3+C5); 

69.49 (-N–CH2-N-); 108.99 (phenyl C1); 114.32 (phenyl C2’+ C6’); 117.04 (phenyl C3); 

117.43+117.76+118.07+118.39 (phenyl C4
’-CF3); 119.44 (phenyl C3’+ C5’); 123.57 

(phenyl C6); 126.08+126.11 (phenyl C4
’-CF3); 129.12 (phenyl C5); 133.65 (phenyl C4); 

153.16 (phenyl C1
’); 156.40 (phenyl C2); 158.03 (C=N); 177.09 (C=S) (Figure 16). 

 

Figure 16. 13C NMR spectrum of Compound 5c  
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5-(2-Hydroxyphenyl)-3-{{4-[3-(trifluoromethyl)phenyl]piperazin-1-yl}methyl}-1,3,4-

oxadiazole-2(3H)-thione (Compound 5d) 

 

 

 

5-(2-Hydroxyphenyl)-1,3,4-oxadiazole-2(3H)-thione (0.01 mol, 1.94 g), 1-(3-trifluoro- 

methylphenyl)piperazine (0.01 mol, 2.30 g), formaldehyde (0.015 mol, 0.55 ml) in 15 ml 

ethanol were reacted according to general synthesis method at 3.1.2.4. 

 

Yield (%) : 30 

Retention factor (Rf) : 0.63 [Toluene: Acetone: Acetic acid (75:25:10)] 

Physical appearance : White powder 

Melting point (oC) : 172 

Solubility : Highly soluble with acetone and DMSO.  

Practically insoluble in water 

Elemental analysis   

Molecular formula : C20H19 F3N4O2S 

Molecular weight (g/mol) : 436.45 
 

 

 C H N S 

Calculated (%) 55.04 4.39 12.84 7.35 

Found (%) 54.91 4.29 12.79 7.42 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 3348 (O-H stretching); 2961 (aromatic C-H stretchings); 1627 (C=N 

stretching); 1598, 1571, 1491 (aromatic C=C stretchings); 1450 (O-H bending); 1331 (C-

O stretching); 1250 (C=S stretching); 849 (3-(trifluoromethyl)phenyl C-H bendings); 743 

(2-hydroxyphenyl C-H bendings) (Figure 17). 

 

Figure 17. IR spectrum of Compound 5d  

 

1H NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 2.89 (4H, t, J=4.8 Hz, piperazine H2+H6); 3.22 (4H, t, 

J=4.8 Hz, piperazine H3+H5); 5.09 (2H, s, -N-CH2-N-); 6.95 (1H, t, J=7.8 Hz, phenyl 

H5’); 7.03 (2H, bd, J=8.4 Hz, phenyl H4’+H6
’); 7.14 (1H, bs, phenyl H2

’); 7.18-7.23 (1H, 

m, phenyl H5); 7.36 (1H, bd, J=8 Hz, phenyl H6); 7.40-7.45 (1H, m, phenyl H4); 7.64 

(1H, dd, J=7.6 J’=1.6 Hz, phenyl H3); 10.53 (1H, bs, -OH) (Figure 18). 
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Figure 18. 1H NMR spectrum of Compound 5d  

 

13C NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 47.60 (piperazine C2+C6); 49.36 (piperazine C3+C5); 

69.44 (-N–CH2-N-); 108.93 (phenyl C5); 111.03+111.07 (phenyl C2
’); 114.65+114.69 

(phenyl C4’); 117 (phenyl C4); 118.91 (phenyl C6’); 119.39 (phenyl C6); 122.97+125.68 

(phenyl C3’-CF3); 129.11 (phenyl C3); 129.84 (phenyl C5’); 129.31+129.61+129.92 

+130.22 (phenyl C3’-CF3); 133.64 (phenyl C1); 151.13 (phenyl C1
’); 156.37 (phenyl C2); 

157.92 (C=N); 177.02 (C=S) (Figure 19). 

  

Figure 19. 13C NMR spectrum of Compound 5d  
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5-(2-Hydroxyphenyl)-3-{[4-(4-chlorophenyl)piperazin-1-yl]methyl}-1,3,4-oxadiazole-

2(3H)-thione (Compound 5e) 

 

 

 

5-(2-Hydroxyphenyl)-1,3,4-oxadiazole-2(3H)-thione (0.01 mol, 1.94 g), 1-(4-chloro-

phenyl)piperazine (0.01 mol, 1.96 g), formaldehyde (0.015 mol, 0.55 ml) in 15 ml ethanol 

were reacted according to general synthesis method at 3.1.2.4. 

 

Yield (%) : 56 

Retention factor (Rf) : 0.68  [Toluene: Acetone: Acetic acid (75:25:10)] 

Physical appearance : White powder 

Melting point (oC) : 150 

Solubility : Highly soluble with acetone and DMSO.  

Practically insoluble in water 

Elemental analysis   

Molecular formula : C19H19ClN4O2S 

Molecular weight (g/mol) : 402.89 

 

 C H N S 

Calculated (%) 56.64 4.75 13.91 7.96 

Found (%) 56.49 4.88 13.84 7.98 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 3348 (O-H stretching); 2948 (aromatic C-H stretchings); 1622 (C=N 

stretching); 1596, 1569, 1496, 1489 (aromatic C=C stretchings); 1430 (O-H bending); 

1323 (C-O stretching); 1235 (C=S stretching); 815 (4-chlorophenyl C-H bendings); 742 

(2-hydroxyphenyl C-H bendings) (Figure 20).  

 

Figure 20. IR spectrum of Compound 5e  

 

1H NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 2.87 (4H, t, J=4.8 Hz, piperazine H2+H6); 3.12 (4H, t, 

J=4.8 Hz, piperazine H3+H5); 5.08 (2H, s, -N-CH2-N-); 6.91 (2H, bd, J=9 Hz, phenyl 

H2’+H6
’); 6.94-6.98 (1H, m, phenyl H5); 7.03 (1H, bd, J=8 Hz, phenyl H6);  7.19 (2H, bd, 

J=9 Hz, phenyl H3’+H5
’); 7.41-7.45 (1H, m, phenyl H4); 7.64 (1H, dd, J=7.6 J’=1.6 Hz, 

phenyl H3); 10.52 (1H, s, -OH) (Figure 21). 
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Figure 21. 1H NMR spectrum of Compound 5e  

 

13C NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 48.06 (piperazine C2+C6); 49.42 (piperazine C3+C5); 

69.51 (-N–CH2-N-); 108.99 (phenyl C5); 117.52 (phenyl C2
’+C6’+C4); 119.44 (phenyl 

C6); 122.47 (phenyl C4
’); 128.55 (phenyl C3

’+C5’); 129.15 (phenyl C3); 129.15 (phenyl 

C3); 133.67 (phenyl C1); 149.75 (phenyl C1
’); 156.41 (phenyl C2); 157.97 (C=N); 177.07 

(C=S) (Figure 22). 

 

Figure 22. 13C NMR spectrum of Compound 5e  
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5-(2-Hydroxyphenyl)-3-{[4-(2-chlorophenyl)piperazin-1-yl]methyl}-1,3,4-oxadiazole-

2(3H)-thione (Compound 5f) 

 

 

 

5-(2-Hydroxyphenyl)-1,3,4-oxadiazole-2(3H)-thione (0.01 mol, 1.94 g), 1-(2-chloro- 

phenyl)piperazine monohydrochloride (0.01 mol, 2.33 g), formaldehyde (0.015 mol, 0.55 

ml) in 15 ml ethanol were reacted according to general synthesis method at 3.1.2.4. 

 

Yield (%) : 32 

Retention factor (Rf) : 0.67  [Toluene: Acetone: Acetic acid (75:25:10)]   

Physical appearance : White powder 

Melting point (oC) : 180 

Solubility : Highly soluble with acetone and DMSO.  

Practically insoluble in water 

Elemental analysis   

Molecular formula : C19H19ClN4O2S 

Molecular weight (g/mol) : 402.89 

 
 

 

 C H N S 

Calculated (%) 56.64 4.75 13.91 7.96 

Found (%) 56.71 4.88 13.88 8.05 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 3435 (O-H stretching); 3012 (aromatic C-H stretchings); 1615 (C=N 

stretching); 1603, 1560, 1484 (aromatic C=C stretchings); 1435 (O-H bending); 1311 (C-

O stretching); 1264 (C=S stretching); 772 (2-chlorophenyl C-H bendings); 743 (2-

hydroxyphenyl C-H bendings) (Figure 23). 

 

Figure 23. IR spectrum of Compound 5f  

 

1H NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 2.93 (4H, d, J=4.8 Hz, piperazine H2+H6); 2.97 (4H, d, 

J=4.8 Hz, piperazine H3+H5); 5.1 (2H, s, -N-CH2-N-); 6.98 (1H, t, J=7.6 Hz, phenyl H5’); 

7.00-7.04 (1H, m, phenyl H5); 7.05 (1H, bd, J=8 Hz, phenyl H6’); 7.14 (1H, dd, J=7.8 

J’=1.4 Hz, phenyl H6); 7.25-7.30 (1H, m, phenyl H4
’); 7.37 (1H, dd, J=8 J’=1.2 Hz, 

phenyl H3
’); 7.43-7.47 (1H, m, phenyl H4); 7.68 (1H, dd, J=7.6 J’=1.6 Hz, phenyl H3); 

10.54 (1H, bs, -OH) (Figure 24). 
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Figure 24. 1H NMR spectrum of Compound 5f  

 

13C NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 49.82 (piperazine C2+C6); 50.78 (piperazine C3+C5); 

69.69 (-N–CH2-N-); 108.98 (phenyl C5); 117.07 (phenyl C4); 119.48 (phenyl C6); 120.90 

(phenyl C6
’); 123.95 (phenyl C4’); 127.61 (phenyl C2’); 128.01 (phenyl C5

’); 129.11 

(phenyl C3); 130.27 (phenyl C3’); 133.67 (phenyl C1); 148.86 (phenyl C1
’); 156.42 

(phenyl C2); 157.99 (C=N); 177.09 (C=S) (Figure 25). 

 

Figure 25. 13C NMR spectrum of Compound 5f  
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5-(2-Hydroxyphenyl)-3-{[4-(3,4-dichlorophenyl)piperazin-1-yl]methyl}-1,3,4-oxadi-

azole-2(3H)-thione (Compound 5g) 

 

 

 

5-(2-Hydroxyphenyl)-1,3,4-oxadiazole-2(3H)-thione (0.01 mol, 1.94 g), 1-(3,4-dichloro- 

phenyl)piperazine (0.01 mol, 2.31 g), formaldehyde (0.015 mol, 0.55 ml) in 15 ml ethanol 

were reacted according to general synthesis method at 3.1.2.4.  

 

Yield (%) : 75 

Retention factor (Rf) : 0.65  [Toluene: Acetone: Acetic acid (75:25:10)] 

Physical appearance : White powder 

Melting point (oC) : 172 

Solubility : Highly soluble with acetone and DMSO.  

Practically insoluble in water 

Elemental analysis   

Molecular formula : C19H18Cl2N4O2S 

Molecular weight (g/mol) : 437.34 
 

 

 C H N S 

Calculated (%) 52.18 4.15 12.81 7.33 

Found (%) 51.98 4.02 12.83 7.39 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 3336 (O-H stretching); 2837 (aromatic C-H stretchings); 1618 (C=N 

stretching); 1598, 1577, 1522, 1490 (aromatic C=C stretchings); 1445 (O-H bending); 

1334 (C-N stretching); 1256 (C=S stretching); 823 (3,4-dichlorophenyl C-H bendings); 

746 (2-hydroxyphenyl C-H bendings) (Figure 26). 

 

Figure 26. IR spectrum of Compound 5g  

 

 

1H NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 2.88 (4H, t, J=5 Hz, piperazine H2+H6); 3.39 (4H, t, J=5 

Hz, piperazine H3+H5); 5.1 (2H, s, -N-CH2-N-); 6.92 (1H, dd, J=9 J’=3 Hz, phenyl H6’); 

6.95-6.99 (2H, m, phenyl H4+H5); 7.03 (1H, bd, J=8 Hz, phenyl H5’); 7.13 (1H, d, J=2.4 

Hz, phenyl H2’); 7.37 (1H, d, J=8.8 Hz, phenyl H6); 7.46 (1H, d, J=9.2 Hz, phenyl H3); 

10.61 (1H, bs, -OH) (Figure 27). 
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Figure 27. 1H NMR spectrum of Compound 5g  

 

13C NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 42.43 (piperazine C2+C6); 44.85 (piperazine C3+C5); 

69.40 (-N–CH2-N-); 109.31 (phenyl C5); 115.45 (phenyl C4); 115.84 (phenyl C6); 116.33 

(phenyl C6
’); 116.62 (phenyl C5’); 116.98 (phenyl C2’); 119.49 (phenyl C3); 120.78 

(phenyl C4
’); 130.34 (phenyl C3’); 130.56 (phenyl C1); 131.57 (phenyl C1

’); 149.61 

(phenyl C2); 150.61 (C=N); 155.91 (C=S) (Figure 28). 

 

Figure 28. 13C NMR spectrum of Compound 5g  
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5-(2-Hydroxyphenyl)-3-{[4-(2,3-dichlorophenyl)piperazin-1-yl]methyl}-1,3,4-oxadi-

azole-2(3H)-thione (Compound 5h) 

 

 

 

5-(2-Hydroxyphenyl)-1,3,4-oxadiazole-2(3H)-thione (0.01 mol, 1.94 g), 1-(2,3-dichloro- 

phenyl)piperazine hydrochloride (0.01 mol, 2.67 g), formaldehyde (0.015 mol, 0.55 ml) 

in 15 ml ethanol were reacted according to general synthesis method at 3.1.2.4.  

 

Yield (%) : 40 

Retention factor (Rf) : 0.63  [Toluene: Acetone: Acetic acid (75:25:10)]  

Physical appearance : White powder 

Melting point (oC) : 165 

Solubility : Highly soluble with acetone and DMSO.  

Practically insoluble in water 

Elemental analysis   

Molecular formula : C19H18Cl2N4O2S 

Molecular weight (g/mol) : 437.34 

 

 

 C H N S 

Calculated (%) 52.18 4.15 12.81 7.33 

Found (%) 51.75 4.17 13.52 7.07 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 3348 (O-H stretching); 2961 (aromatic C-H stretchings); 1627 (C=N 

stretching); 1610, 1598, 1571, 1491 (aromatic C=C stretchings); 1450 (O-H bending); 

1308 (C-O stretching); 1265 (C=S stretching); 849 (2,3-dichlorophenyl C-H bendings); 

743 (2-hydroxyphenyl C-H bendings) (Figure 29). 

 

Figure 29. IR spectrum of Compound 5h  

 

1H NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 2.93-2.99 (8H, m, piperazine H2+H3+H5+H6); 5.1 (2H, s, 

-N-CH2-N-); 6.98 (1H, t, J=7.4 Hz, phenyl H5’); 7.05 (1H, bd, J=8 Hz, phenyl H4’); 7.12-

7.16 (1H, m, phenyl H5); 7.27-7.32 (2H, m, phenyl H6+H6
’); 7.43-7.47 (1H, m, phenyl 

H4); 7.67 (1H, dd, J=7.6 J’=1.6 Hz, phenyl H3); 10.54 (1H, bs, -OH) (Figure 30). 
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Figure 30. 1H NMR spectrum of Compound 5h  

 

13C NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 49.77 (piperazine C2+C6); 50.87 (piperazine C3+C5); 

69.65 (-N–CH2-N-); 108.99 (phenyl C1); 117.07 (phenyl C3); 119.49 (phenyl C5); 119.67 

(phenyl C2
’); 124.49 (phenyl C6’); 126.06 (phenyl C6); 128.40 (phenyl C4

’); 129.09 

(phenyl C5’); 132.56 (phenyl C4); 133.65 (phenyl C3’); 151.03 (phenyl C1’); 156.41 

(phenyl C2); 158.06 (C=N); 177.11 (C=S) (Figure 31). 

 

Figure 31. 13C NMR spectrum of Compound 5h  
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5-(2-Hydroxyphenyl)-3-[4-(4-methylphenyl)piperazin-1-yl]methyl-1,3,4-oxadiazole-

2(3H)-thione (Compound 5i) 

 

 

 

5-(2-Hydroxyphenyl)-1,3,4-oxadiazole-2(3H)-thione (0.01 mol, 1.94 g), 1-(4-methyl- 

phenyl)piperazine (0.01 mol, 1.76 g), formaldehyde (0.015 mol, 0.55 ml) in 15 ml ethanol 

were reacted according to general synthesis method at 3.1.2.4.  

 

Yield (%) : 51 

Retention factor (Rf) : 0.62  [Toluene: Acetone: Acetic acid (75:25:10)]  

Physical appearance : White powder 

Melting point (oC) : 155 

Solubility : Highly soluble with acetone and DMSO.  

Practically insoluble in water 

Elemental analysis   

Molecular formula : C20H22N4O2S 

Molecular weight (g/mol) : 382.48 

 

 C H N S 

Calculated (%) 62.80 5.80 14.65 8.38 

Found (%) 62.87 5.96 14.56 8.41 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 3342 (O-H stretching); 3028 (aromatic C-H stretchings); 1624 (C=N 

stretching); 1597, 1514, 1498 (aromatic C=C stretchings); 1445 (O-H bending); 1324 (C-

O stretching); 1260 (C=S stretching); 767 (4-methylphenyl C-H bendings); 745 (2-

hydroxyphenyl C-H bendings) (Figure 32). 

 

Figure 32. IR spectrum of Compound 5i  

 

1H NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 2.16 (phenyl -CH3); 2.87 (4H, d, J=4.8 Hz, piperazine 

H2+H6); 3.05 (4H, d, J=4.8 Hz, piperazine H3+H5); 5.08 (2H, s, -N-CH2-N-); 6.79 (2H, d, 

J=8.6 Hz, phenyl H3
’+H5’); 6.94-6.97 (1H, m, phenyl H5); 6.98 (1H, bd, J=8 Hz, phenyl 

H6); 7.03 (2H, d, J=8.6 Hz, phenyl H2
’+H6’); 7.39-7.44 (1H, m, phenyl H4); 7.34 (1H, dd, 

J=7.6  J’=1.6 Hz, phenyl H3); 10.53 (1H, bs, -OH) (Figure 33). 
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Figure 33. 1H NMR spectrum of Compound 5i  

 

13C NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 19.94 (phenyl -CH3); 48.71 (piperazine C2+C6); 49.53 

(piperazine C3+C5); 69.52 (-N–CH2-N-); 108.93 (phenyl C5); 115.85 (phenyl C2
’+ C6’); 

116.99 (phenyl C4); 119.39 (phenyl C6); 127.75 (phenyl C4’); 129.08 (phenyl C3); 129.23 

(phenyl C3
’+ C5’); 133.60 (phenyl C1); 148.84 (phenyl C1’); 156.35 (phenyl C2); 157.89 

(C=N); 177.01 (C=S) (Figure 34). 

 

Figure 34. 13C NMR spectrum of Compound 5i  
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5-(2-Hydroxyphenyl)-3-{[4-(2,3-dimethylphenyl)piperazin-1-yl]methyl}-1,3,4-oxadi-

azole-2(3H)-thione (Compound 5j) 

 

 

 

5-(2-Hydroxyphenyl)-1,3,4-oxadiazole-2(3H)-thione (0.01 mol, 1.94 g), 1-(2,3-xyxyl)-

piperazine (0.01 mol, 1.90 g), formaldehyde (0.01 mol, 0.55 ml) in 15 ml ethanol were 

reacted according to general synthesis method at 3.1.2.4. 

 

Yield (%) : 66 

Retention factor (Rf) : 0.63  [Toluene: Acetone: Acetic acid (75:25:10)] 

Physical appearance : White powder 

Melting point (oC) : 133 

Solubility : Highly soluble with acetone and DMSO.  

Practically insoluble in water 

Elemental analysis   

Molecular formula : C21H24N4O2S 

Molecular weight (g/mol) : 396.50 

 

 C H N S 

Calculated (%) 63.61 6.10 14.13 8.09 

Found (%) 62.98 6.03 14.37 8.27 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 3364 (O-H stretching); 2948 (aromatic C-H stretchings); 1630 (C=N 

stretching); 1598, 1492 (aromatic C=C stretchings); 1450 (O-H bending); 1323 (C-O 

stretching); 1255 (C=S stretching); 746 (2-hydroxyphenyl C-H bendings) (Figure 35). 

 

Figure 35. IR spectrum of Compound 5j  

 

1H NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 2.09+2.17 (6H, s, phenyl –CH3); 2.79-2.91 (8H, m, 

piperazine H2+H3+H5+H6); 5.1 (2H, s, -N-CH2-N-); 6.86 (1H, t, J=8.4 Hz, phenyl H5’); 

6.99 (1H, d, J=4.8 Hz; phenyl H4
’); 7.00-7.09 (1H, m, phenyl H5); 7.03 (1H, d, J=10.8 

Hz,  phenyl H6
’); 7.05 (1H, d, J=4.8 Hz, phenyl H6); 7.39-7.48 (1H, m, phenyl H4); 7.67 

(1H, dd, J=8 J’=1.6 Hz, phenyl H3); 10.58 (1H, bs, -OH) (Figure 36). 
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Figure 36. 1H NMR spectrum of Compound 5j  

 

13C NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 13.66+20.21 (-CH3); 50.14 (piperazine C2+C6); 51.72 

(piperazine C3+C5); 69.81 (methylene –CH2-); 108.03 (phenyl C1); 116.44 (phenyl C3); 

117.05 (phenyl C6’); 119.49 (phenyl C5
’); 124.62 (phenyl C2’); 125.65 (phenyl C4); 

129.00 (phenyl C5); 130.44 (phenyl C6); 130.59 (phenyl C4’); 137.22 (phenyl C3’); 151.21 

(phenyl C1’); 156.40 (phenyl C2); 158.05 (C=N); 177.14 (C=S) (Figure 37). 

 

Figure 37. 13C NMR spectrum of Compound 5j  
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5-(2-Hydroxyphenyl)-3-{[4-(4-methoxyphenyl)piperazin-1-yl]methyl}-1,3,4-oxadiazole-

2(3H)-thione (Compound 5k) 

 

 

 

5-(2-Hydroxyphenyl)-1,3,4-oxadiazole-2(3H)-thione (0.01 mol, 1.94 g), 1-(4-methoxy- 

phenyl)piperazine (0.01 mol, 1.92 g), formaldehyde (0.01 mol, 0.55 ml) in 15 ml ethanol 

were reacted according to general synthesis method at 3.1.2.4. 

 

Yield (%) : 32 

Retention factor (Rf) : 0.63  [Toluene: Acetone: Acetic acid (75:25:10)] 

Physical appearance : White powder 

Melting point (oC) : 148 

Solubility : Highly soluble with acetone and DMSO.  

Practically insoluble in water 

Elemental analysis   

Molecular formula : C20H22N4O3S 

Molecular weight (g/mol) : 398.48 

 

 C H N S 

Calculated (%) 60.28 5.56 14.06 8.05 

Found (%) 60.13 5.76 14.11 8.17 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 3362 (O-H stretching); 2947 (aromatic C-H stretchings); 1624 (C=N 

stretching); 1596, 1512 (aromatic C=C stretchings); 1439 (O-H bending); 1322 (C-O 

stretching); 1249 (C=S stretching); 835 (4-methoxyphenyl C-H bendings); 744 (2-

hydroxyphenyl C-H bendings) (Figure 38). 

 

Figure 38. IR spectrum of Compound 5k  

 

1H NMR spectrum 

δ ppm (400 MHz/DMSO-d6/): 2.88 (4H, bt, J=4.5 Hz, piperazine H2 +H6); 2.99 (4H, bt, 

J=4.5 Hz, piperazine H3+H5); 3.65 (3H, s, phenyl -OCH3); 5.08 (2H, s, -N-CH2-N-); 6.77 

(2H, bd, J=9 Hz, phenyl H2’+H6’); 6.85 (2H, bd, J=9 Hz, phenyl H3’+H5’); 6.96 (1H, t, 

J=7.6 Hz; phenyl H5); 7.03 (1H, bd, J=8 Hz, phenyl H6); 7.40-7.45 (1H, m, phenyl H4); 

7.65 (1H, dd, J=7.8 J’=1.4 Hz, phenyl H3); 10.52 (1H, bs, -OH) (Figure 39). 
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Figure 39. 1H NMR spectrum of Compound 5k 

 

13C NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 49.69 (piperazine C2+C3+C5+C6); 55.12 (phenyl -OCH3); 

69.58 (-N–CH2-N-); 108.99 (phenyl C5); 114.17 (phenyl C2’+C6’); 117.05 (phenyl C4); 

117.66 (phenyl C3’+C5’); 119.44 (phenyl C6); 129.15 (phenyl C3); 133.66 (phenyl C1); 

145.34 (phenyl C1’); 153.12 (phenyl C4’); 156.42 (phenyl C2); 157.94 (C=N); 177.07 

(C=S) (Figure 40). 

 

Figure 40. 13C NMR spectrum of Compound 5k  
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5-(2-Hydroxyphenyl)-3-{[4-(4-cyanophenyl)piperazin-1-yl]methyl}-1,3,4-oxadiazole-

2(3H)-thione (Compound 5l) 

 

 

 

5-(2-Hydroxyphenyl)-1,3,4-oxadiazole-2(3H)-thione (0.01 mol, 1.94 g), 4-piperazino- 

benzonitrile (0.01 mol, 1.87 g), formaldehyde (0.015 mol, 0.55 ml) in 15 ml ethanol were 

reacted according to general synthesis method at 3.1.2.4. 

 

Yield (%) : 55 

Retention factor (Rf) : 0. 64  [Toluene: Acetone: Acetic acid (75:25:10)] 

Physical appearance : White powder 

Melting point (oC) : 124 

Solubility : Highly soluble with acetone and DMSO.  

Practically insoluble in water 

Elemental analysis   

Molecular formula : C20H19N5O2S 

Molecular weight (g/mol) : 393.46 

 

 

 C H N S 

Calculated (%) 61.05 4.87 17.80 8.15 

Found (%) 60.47 4.88 17.66 8.25 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 3304 (O-H stretching); 2943 (aromatic C-H stretchings); 2214 (C≡N 

stretching); 1626 (C=N stretching); 1605, 1566, 1515, 1488 (aromatic C=C stretchings); 

1431 (O-H bending); 1329 (C-O stretching); 1249 (C=S stretching); 819 (4-cyanophenyl 

C-H bendings); 741 (2-hydroxyphenyl C-H bendings) (Figure 41). 

 

Figure 41. IR spectrum of Compound 5l  

 

1H NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 2.86 (8H, t, J=5 Hz, piperazine H2+H3+H5+H6); 5.08 (2H, 

s, -N-CH2-N-); 6.93-6.97 (1H, m, phenyl H5); 6.98 (2H, bd, J=9.2 Hz, phenyl H2’+H6’); 

7.02 (1H, bd, J=8 Hz; phenyl H6); 7.39-7.44 (1H, m, phenyl H4); (2H, m, phenyl 

H3’+H5’); 7.63 (1H, dd, J=8 J’=1.6 Hz, phenyl H3); 10.52 (1H, bs, -OH) (Figure 42). 
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Figure 42. 1H NMR spectrum of Compound 5l  

 

13C NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 46.26 (piperazine C2+C6); 49.16 (piperazine C3+C5); 

69.38 (-N–CH2-N-); 98.23 (phenyl C4
’); 108.91 (phenyl C5); 114.07 (phenyl C2’+C6’); 

116.98 (phenyl C4); 119.36 (phenyl C6); 119.87 (C≡N); 129.10 (phenyl C3); 133.20 

(phenyl C3’+C5’); 133.62 (phenyl C1); 152.98 (phenyl C1’); 156.98 (phenyl C2); 157.89 

(C=N); 176.99 (C=S) (Figure 43). 

 

Figure 43. 13C NMR spectrum of Compound 5l  
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5-(2-Hydroxyphenyl)-3-{[4-(2-cyanophenyl)piperazin-1-yl]methyl}-1,3,4-oxadiazole-

2(3H)-thione (Compound 5m) 

 

 

 

5-(2-Hydroxyphenyl)-1,3,4-oxadiazole-2(3H)-thione (0.01 mol, 1.94 g), 1-(2-cyano-

phenyl)piperazine (0.01 mol, 1.87 g), formaldehyde (0.015 mol, 0.55 ml) in 15 ml ethanol 

were reacted according to general synthesis method at 3.1.2.4.  

 

Yield (%) : 56 

Retention factor (Rf) : 0.63  [Toluene: Acetone: Acetic acid (75:25:10)] 

Physical appearance : White powder 

Melting point (oC) : 120 

Solubility : Highly soluble with acetone and DMSO.  

Practically insoluble in water 

Elemental analysis   

Molecular formula : C20H19N5O2S 

Molecular weight (g/mol) : 393.46 

 

 C H N S 

Calculated (%) 61.05 4.87 17.80 8.15 

Found (%) 60.42 4.87 17.65 8.27 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 3336 (O-H stretching); 2964 (aromatic C-H stretchings); 2220 (C≡N 

stretching); 1625 (C=N stretching); 1595, 1573, 1487 (aromatic C=C stretchings); 1444 

(O-H bending); 1322 (C-O stretching); 1250 (C=S stretching); 764 (2-cyanophenyl C-H 

bendings); 741 (2-hydroxyphenyl C-H bendings) (Figure 44). 

 

Figure 44. IR spectrum of Compound 5m  

 

1H NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 2.94 (4H, t, J=4.8 Hz, piperazine H2 +H6); 3.14 (4H, t, 

J=4.8 Hz, piperazine H3+H5); 5.10 (2H, s, -N-CH2-N-); 6.96 (1H, t, J=8 Hz, phenyl H5’); 

7.04 (1H, t, J=8 Hz, phenyl H6’); 7.08 (1H, bd, J=7.6 Hz, phenyl H6); 7.14 (1H, bd, J=8 

Hz, phenyl H3’); 7.41-7.45 (1H, m, phenyl H4’); 7.55-7.60 (1H, m, phenyl H5); 7.64-7.68 

(2H, m, phenyl H3+H4); 10.52 (1H, bs, -OH) (Figure 45). 
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Figure 45. 1H NMR spectrum of Compound 5m  

 

13C NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 49.67 (piperazine C2+C6); 51.11 (piperazine C3+C5); 

69.55 (-N–CH2-N-); 104.78 (phenyl C2’); 108.98 (phenyl C1); 117.08 (phenyl C3); 118.14 

(phenyl C6’); 119.16 (phenyl C5); 119.47 (phenyl C4
’); 122.10 (phenyl C6); 129.07 

(phenyl C5’); 133.67 (phenyl C4); 134.19 (phenyl C3’+ C≡N); 134.31 (phenyl C1’); 

155.13 (phenyl C2); 156.43 (C=N); 177.10 (C=S) (Figure 46). 

 

Figure 46. 13C NMR spectrum of Compound 5m  
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5-(2-Hydroxyphenyl)-3-{[4-(2-pyridyl)piperazin-1-yl]methyl}-1,3,4-oxadiazole-2-

(3H)-thione (Compound 5n) 

 

 

 

5-(2-Hydroxyphenyl)-1,3,4-oxadiazole-2(3H)-thione (0.01 mol, 1.94 g), 1-(2-pyridyl)- 

piperazine (0.01 mol, 1.63 g), formaldehyde (0.01 mol, 0.55 ml) in 15 ml ethanol were 

reacted according to general synthesis method at 3.1.2.4.  

 

Yield (%) : 59 

Retention factor (Rf) : 0.68  [Toluene: Acetone: Acetic acid (75:25:10)]   

Physical appearance : White powder 

Melting point (oC) : 148 

Solubility : Highly soluble with acetone and DMSO.  

Practically insoluble in water 

Elemental analysis   

Molecular formula : C18H19N5O2S 

Molecular weight (g/mol) : 369.44 

 

 C H N S 

Calculated (%) 58.52 5.18 18.96 8.68 

Found (%) 58.80 5.34 18.86 8.72 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 3435 (O-H stretching); 3012 (aromatic C-H stretchings); 1615 (C=N 

stretching); 1603, 1560, 1484 (aromatic C=C stretchings); 1435 (O-H bending); 1311 (C-

O stretching); 1264 (C=S stretching); 772 (2-pyridyl C-H bendings); 743 (2-

hydroxyphenyl C-H bendings) (Figure 47). 

 

Figure 47. IR spectrum of Compound 5n  

 

1H NMR spectrum 

δ ppm (400 MHz, DMSO-d6): 2.48 (4H, t, J=5 Hz, piperazine H2 +H6); 3.48 (4H, t, J=5 

Hz, piperazine H3+H5); 5.08 (2H, s, -N-CH2-N-); 6.57-6.60 (1H, m, pyridyl H5); 6.79 

(1H, t, J=8.8 Hz, pyridyl H6); 6.93-6.79 (1H, m, phenyl H5); 7.01 (1H, d, J=8 Hz, phenyl 

H6); 7.40-7.44 (1H, m, phenyl H4); 7.46-7.50 (1H, m, pyridyl H4); 7.63 (1H, dd, J=7.8 

J’=1.8 Hz, phenyl H3); 8.06 (1H, dd, J=4.6 J’=1.8 Hz, pyridyl H3); 10.51 (1H, bs, -OH) 

(Figure 48). 
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Figure 48. 1H NMR spectrum of Compound 5n  

 

13C NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 44.64 (piperazine C2+C6); 49.38 (piperazine C3+C5); 

69.64 (-N–CH2-N-); 107.06 (pyridyl C5); 108.92 (pyridyl C4); 112.92 (phenyl C5); 117.01 

(phenyl C4); 119.38 (phenyl C6); 129.11 (pyridyl C6); 133.61 (phenyl C3); 137.38 (phenyl 

C1); 147.41 (pyridyl C3); 156.36 (phenyl C2); 157.84 (pyridyl C1); 158.77 (C=N); 176.98 

(C=S) (Figure 49). 

 

Figure 49. 13C NMR spectrum of Compound 5n  
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5-(2-Hydroxyphenyl)-3-{[4-(2-pyrimidinyl)piperazin-1-yl]methyl}-1,3,4-oxadiazole-

2(3H)-thione (Compound 5o) 

 

 

 

5-(2-Hydroxyphenyl)-1,3,4-oxadiazole-2(3H)-thione (0.01 mol, 1.94 g), 1-(2-pyrimi-

dinyl)piperazine (0.01 mol, 1.64 g), formaldehyde (0.015 mol, 0.55 ml) in 15 ml ethanol 

were reacted according to general synthesis method at 3.1.2.4.  

 

Yield (%) : 60 

Retention factor (Rf) : 0.66  [Toluene: Acetone: Acetic acid (75:25:10)] 

Physical appearance : White powder 

Melting point (oC) : 149 

Solubility : Highly soluble with acetone and DMSO.  

Practically insoluble in water 

Elemental analysis   

Molecular formula : C17H18N6O2S 

Molecular weight (g/mol) : 370.42 

 

 

 C H N S 

Calculated (%) 55.12 4.90 22.69 8.66 

Found (%) 54.65 4.93 22.68 8.84 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 3336 (O-H stretching); 3021 (aromatic C-H stretchings); 1624 (C=N 

stretching); 1585, 1547, 1489 (aromatic C=C stretchings); 1450 (O-H bending); 1324 (C-

O stretching); 1262 (C=S stretching); 798 (2-pyrimidinyl C-H bendings); 742 (2-

hydroxyphenyl C-H bendings) (Figure 50). 

 

Figure 50. IR spectrum of Compound 5o  

 

1H NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 2.80 (4H, t, J=5 Hz, piperazine H2 +H6); 3.74 (4H, t, J=5 

Hz, piperazine H3+H5); 5.09 (2H, s, -N-CH2-N-); 6.59 (1H, t, J=4.8 Hz, pyrimidine H4); 

6.95 (1H, m, phenyl H5); 7.02 (1H, bd, J=7.6 Hz, phenyl H6); 7.40-7.44 (1H, m, phenyl 

H4); 7.63 (1H, dd, J=7.6 J’=1.6 Hz, phenyl H3); 8.32 (2H, d, J=4.8 Hz, pyrimidine 

H3+H5); 10.48 (1H, bs, -OH) (Figure 51). 
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Figure 51. 1H NMR spectrum of Compound 5o  

 

13C NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 43.13 (piperazine C2+C6); 49.44 (piperazine C3+C5); 

69.73 (-N–CH2-N-); 108.99 (phenyl C5); 110.08 (phenyl C4); 117.04 (pyrimidine C4); 

119.43 (phenyl C6); 129.13 (phenyl C3); 133.62 (phenyl C1); 156.38 (phenyl C2); 157.86 

(pyrimidine C3+C5, C=N); 161.04 (pyrimidine C1); 177.01 (C=S) (Figure 52). 

 

Figure 52. 13C NMR spectrum of Compound 5o  

 



119 

 

5-[1-(4-Isobutylphenyl)ethyl]-3-[(4-phenylpiperazin-1-yl)methyl]-1,3,4-oxadiazole-

2(3H)-thione (Compound 10a) 

 

 

 

5-[1-(4-Isobutylphenyl)ethyl]-1,3,4-oxadiazole-2(3H)-thione (0.01 mol, 2.62 g), 1-

phenylpiperazine (0.01 mol, 1.62 g), formaldehyde (0.015 mol, 0.55 ml) in 15 ml 

methanol were reacted according to general synthesis method at 3.1.2.4. 

 

Yield (%) 

 

: 72 

Retention factor (Rf)   

               

: 0.63 [Toluene: Acetone: Acetic Acid (75:25:10)]   

Physical appearance        

          

: White powder 

Melting point (oC)   

                    

: 105 

Solubility : Highly soluble with acetone and DMSO.  

Practically insoluble in  water 

Elemental analysis   

Molecular formula                   : C25H32N4OS 

Molecular weight (g/mol)      : 436.61 

 

 

 C H N S 

Calculated (%) 68.77 7.39 12.83 7.34 

Found (%) 68.73 7.59 12.88 7.43 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 2952 (aromatic C-H stretchings); 2831 (aliphatic C-H stretchings); 1620 

(C=N stretching); 1599, 1506 (aromatic C=C stretchings); 1441 (C-N stretching); 1325 

(C-O stretching); 1258 (C=S stretching); 849 (1,4-dialkylphenyl C-H bendings); 756 

(phenyl C-H bendings) (Figure 53). 

 

Figure 53. IR spectrum of Compound 10a  

 

1H NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 0.84 (6H, d, J=6.8 Hz, isobutyl -CH3); 1.56 (3H, d, J=6.8 

Hz, -CH-CH3); 1.78-1.81 (1H, m, isobutyl -CH-); 2.41 (2H, d, J=7.6 Hz, isobutyl –CH2-

); 2.84 (4H, t, J=5 Hz, piperazine H2+H6); 3.13 (4H, t, J=5 Hz, piperazine H3+H5); 4.33 

(1H, q, J=6.8 Hz, -CH-CH3,); 5.00 (2H, s, -N-CH2-N-); 6.77 (1H, t, J=7.2 Hz, phenyl 

H4’); 6.91 (2H, d, J=7.8 Hz, phenyl H3+H5); 7.13 (2H, d, J=7.8 Hz, phenyl H2+H6); 7.17-

7.21 (4H, m, phenyl H2’+H3’+H5’+H6’) (Figure 54). 
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Figure 54. 1H NMR spectrum of Compound 10a  

 

13C NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 18.49 (isobutyl –CH-); 22.13+22.14 (isobutyl -CH3); 

29.50 (-CH-CH3); 36.09 (isobutyl -CH2-); 44.13 (-CH-CH3); 48.19 (piperazine C2+C6); 

49.52 (piperazine C3+C5); 69.43 (-N-CH2-N-); 115.58 (phenyl C2’+C6’); 118.94 (phenyl 

C4’); 126.99 (phenyl C3+C5); 128.87 (phenyl C3’+C5’); 129.44 (phenyl C2+C6); 136.77 

(phenyl C4); 140.51 (phenyl C1); 157.88 (phenyl C1’); 164.10 (C=N); 177.76 (C=S) 

(Figure 55). 

 

Figure 55. 13C NMR spectrum of Compound 10a  
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5-[1-(4-Isobutylphenyl)ethyl]-3-{[4-(4-fluorophenyl)piperazin-1-yl]methyl}-1,3,4-

oxadiazole-2(3H)-thione (Compound 10b) [17] 

 

 

 

5-[1-(4-Isobutylphenyl)ethyl]-1,3,4-oxadiazole-2(3H)-thione (0.01 mol, 2.62 g), 1-(4-

fluorophenyl)piperazine (0.01 mol, 1.80 g), formaldehyde (0.015 mol, 0.55 ml) in 15 ml 

methanol were reacted according to general synthesis method at 3.1.2.4. 

 

Yield (%) 

 

: 69 

Retention factor (Rf)   

               

: 0.65  [Toluene: Acetone: Acetic Acid (75:25:10)]   

Physical appearance        

          

: White powder 

Melting point (oC)   

                    

: 121 

Solubility : Highly soluble with acetone and DMSO.  

Practically insoluble in  water 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 2950 (aromatic C-H stretchings); 2833 (aliphatic C-H stretchings); 1614 

(C=N stretching); 1508 (aromatic C=C stretchings); 1447 (C-N stretching); 1330 (C-O 

stretching); 1254 (C=S stretching); 826 (1,4-dialkylphenyl C-H bending); 780 (4-

fluorophenyl C-H bendings) (Figure 56). 

 

Figure 56. IR spectrum of Compound 10b  

 

1H NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 0.84 (6H, d, J=6.8 Hz, isobutyl -CH3); 1.55 (3H, d, J=6.8 

Hz, -CH-CH3); 1.77-1.81 (1H, m, isobutyl –CH-); 2.41 (2H, d, J=7.2 Hz, isobutyl –CH2-

); 2.83 (4H, t, J=5 Hz, piperazine H2+H6); 3.07 (4H, t, J=5 Hz, piperazine H3+H5); 4.33 

(1H, q, J=6.4 Hz, -CH-CH3,); 5.00 (2H, s, -N-CH2-N-); 6.93 (2H, dd, J=9.2 J’=4.6 Hz, 

phenyl H2’+H6’); 7.03 (2H, t, J=8.8 Hz, phenyl H3’+H5’); 7.13 (2H, bd, J=8 Hz, phenyl 

H3+H5); 7.19 (2H, bd, J=8 Hz, phenyl H2+H6) (Figure 57). 
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Figure 57. 1H NMR spectrum of Compound 10b  

 

13C NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 18.48 (isobutyl –CH-); 22.11+22.13 (isobutyl -CH3); 

29.50 (-CH-CH3); 36.09 (isobutyl -CH2-); 44.13 (-CH-CH3); 48.94 (piperazine C2+C6); 

49.48 (piperazine C3+C5); 69.39 (-N-CH2-N-); 115.09 (phenyl C6’); 115.31 (phenyl C2’); 

117.29 (phenyl C5’); 117.36 (phenyl C3’); 126.99 (phenyl C3+C5); 129.43 (phenyl 

C2+C6); 136.75 (phenyl C4); 140.51 (phenyl C1); 147.74+147.76 (phenyl C1’); 

154.86+157.20 (phenyl C4’-F); 164.07 (C=N); 177.75 (C=S) (Figure 58). 

 

Figure 58. 13C NMR spectrum of Compound 10b  
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5-[1-(4-Isobutylphenyl)ethyl]-3-{[4-(2-fluorophenyl)piperazin-1-yl]methyl}-1,3,4-

oxadiazole-2(3H)-thione (Compound 10c) 

 

 

 

5-[1-(4-Isobutylphenyl)ethyl]-1,3,4-oxadiazole-2(3H)-thione (0.01 mol, 2.62 g), 1-(2-

fluorophenyl)piperazine (0.01 mol, 1.80 g), formaldehyde (0.015 mol, 0.55 ml) in 15 ml 

methanol were reacted according to general synthesis method at 3.1.2.4.  

 

Yield (%) 

 

: 40 

Retention factor (Rf)   

               

: 0.63 [Toluene: Acetone: Acetic Acid (75:25:10)]   

Physical appearance        

          

: White powder 

Melting point (oC)   

                    

: 108 

Solubility : Highly soluble with acetone and DMSO.  

Practically insoluble in  water 

Elemental analysis   

Molecular formula                   : C25H31FN4OS 

Molecular weight (g/mol)      : 454.60 

 

 

 C H N S 

Calculated (%) 66.05 6.87 12.32 7.05 

Found (%) 66.07 7.12 12.35 7.15 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 2950 (aromatic C-H stretchings); 2844 (aliphatic C-H stretchings); 1603 

(C=N stretching); 1578, 1500 (aromatic C=C stretchings); 1443 (C-N stretching); 1352 

(C-O stretching); 1242 (C=S stretching); 852 (1,4-dialkylphenyl C-H bending); 751 (2-

fluorophenyl C-H bendings) (Figure 59). 

 

Figure 59. IR spectrum of Compound 10c  

 

1H NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 0.85 (6H, d, J=6.8 Hz, isobutyl -CH3); 1.57 (3H, d, J=7.2 

Hz, -CH-CH3); 1.77-1.84 (1H, m, isobutyl -CH-); 2.42 (2H, d, J=7.2 Hz, isobutyl –CH2-

); 2.86 (4H, t, J=4.8 Hz, piperazine H2+H6); 3.01 (4H, t, J=4.8 Hz, piperazine H3+H5); 

4.35 (1H, q, J=7 Hz, -CH-CH3,); 5.00 (2H, s, -N-CH2-N-); 6.94-7.00 (1H, m, phenyl H6’); 

7.03 (1H, bd, J=9.2 Hz, phenyl H3’); 7.08-7.12 (2H, m, phenyl H4’+ H5’); 7.15 (2H, bd, 

J=8.2 Hz, phenyl H3+H5); 7.22 (2H, bd, J=8.2 Hz, phenyl H2+H6) (Figure 60). 
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Figure 60. 1H NMR spectrum of Compound 10c  

 

13C NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 18.47 (isobutyl –CH-); 22.12 (isobutyl -CH3); 29.50 (-

CH-CH3); 36.11 (isobutyl -CH2-); 44.13 (-CH-CH3); 49.64 (piperazine C2+C6); 49.97 

(piperazine C3+C5); 69.49 (-N-CH2-N-); 115.77+115.98 (phenyl C6’); 119.29+119.32 

(phenyl C3’); 122.36+122.44 (phenyl C4’); 124.74+124.77 (phenyl C5’); 127.01 (phenyl 

C3+C5); 129.42 (phenyl C2+C6); 136.77 (phenyl C4); 139.65+139.73  (phenyl C1’); 

140.50 (phenyl C1); 153.68+156.11 (phenyl C2’-F); 164.11 (C=N); 177.77 (C=S) (Figure 

61). 

 

Figure 61. 13C NMR spectrum of Compound 10c   



128 

 

5-[1-(4-Isobutylphenyl)ethyl]-3-{[4-(3-(trifluoromethyl)phenyl]piperazin-1-yl}-

methyl}-1,3,4-oxadiazole-2(3H)-thione (Compound 10d) 

 

 

 

5-[1-(4-Isobutylphenyl)ethyl]-1,3,4-oxadiazole-2(3H)-thione (0.01 mol, 2.62 g), 1-(3-

trifluoromethylphenyl)piperazine (0.01 mol, 2.30 g), formaldehyde (0.015 mol, 0.55 ml) 

in 15 ml methanol were reacted according to general synthesis method at 3.1.2.4.  

 

Yield (%) 

 

: 56 

Retention factor (Rf)   

               

: 0.65  [Toluene: Acetone: Acetic Acid (75:25:10)]   

Physical appearance        

          

: White powder 

Melting point (oC)   

                    

: 77 

Solubility : Highly soluble with acetone and DMSO.  

Practically insoluble in  water 

Elemental analysis   

Molecular formula                   : C26H31F3N4OS 

Molecular weight (g/mol)      : 504.61 

 

 

 C H N S 

Calculated (%) 61.88 6.19 11.10 6.35 

Found (%) 61.64 6.49 11.14 6.39 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 2954 (aromatic C-H stretchings); 2886 (aliphatic C-H stretchings); 1610 

(C=N stretching); 1512, 1497 (aromatic C=C stretchings); 1447 (C-N stretching); 1329 

(C-O stretching); 1242 (C=S stretching); 1169 (C-F stretchings); 851 (1,4-dialkylphenyl 

C-H bendings); 781 (3-trifluoromethylphenyl C-H bendings) (Figure 62). 

 

Figure 62. IR spectrum of Compound 10d  

 

1H NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 0.83 (6H, d, J=6.4 Hz, isobutyl -CH3); 1.55 (3H, d, J=7.2 

Hz, -CH-CH3); 1.77-1.81 (1H, m, isobutyl –CH-); 2.40 (2H, d, J=7.2 Hz, isobutyl –CH2-

); 2.84 (4H, t, J=4.8 Hz, piperazine H2+H6); 3.23 (4H, t, J=4.8 Hz, piperazine H3+H5); 

4.33 (1H, q, J=7 Hz, -CH-CH3,); 5.01 (2H, s, -N-CH2-N-); 7.05 (1H, d, J=7.6 Hz, phenyl 

H6’); 7.12 (2H, d, J=8 Hz, phenyl H3+H5); 7.15 (1H, bs, phenyl H2’); 7.19 (2H, d, J=8 

Hz, phenyl H2+H6); 7.18-7.22 (1H, m, phenyl H4’); 7.40 (1H, t, J=8 Hz, phenyl H5’) 

(Figure 63). 
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Figure 63. 1H NMR spectrum of Compound 10d  

 

13C NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 18.49 (Isobutyl –CH-); 22.13 (isobutyl -CH3); 29.50 (-

CH-CH3); 36.09 (isobutyl -CH2-); 44.14 (-CH-CH3); 49.83 (piperazine C2+C6); 50.72 

(piperazine C3+C5); 69.55 (-N-CH2-N-); 120.94 (phenyl C6’); 122.97+125.68 (-CF3); 

123.96 (phenyl C4’); 126.99 (phenyl C3+C5); 127.58 (phenyl C2’); 128.02 (phenyl C5’); 

129.43 (phenyl C2+C6); 130.27 (phenyl C3’-CF3); 136.82  (phenyl C4); 140.52 (phenyl 

C1); 148.83 (phenyl C1’); 164.12 (C=N); 177.76 (C=S) (Figure 64). 

 

Figure 64. 13C NMR spectrum of Compound 10d   
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5-[1-(4-Isobutylphenyl)ethyl]-3-{[4-(4-chlorophenyl)piperazin-1-yl]methyl}-1,3,4-

oxadiazole-2(3H)-thione (Compound 10e) [17] 

 

 

 

5-[1-(4-Isobutylphenyl)ethyl]-1,3,4-oxadiazole-2(3H)-thione (0.01 mol, 2.62 g), 1-(4-

chlorophenyl)piperazine (0.01 mol, 1.96 g), formaldehyde (0.015 mol, 0.55 ml) in 15 ml 

methanol were reacted according to general synthesis method at 3.1.2.4.  

 

Yield (%) 

 

: 54 

Retention factor (Rf)   

               

: 0.63 [Toluene: Acetone: Acetic Acid (75:25:10)]   

Physical appearance        

          

: White powder 

Melting point (oC)   

                    

: 99 

Solubility : Highly soluble with acetone and DMSO.  

Practically insoluble in  water 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 2949 (aromatic C-H stretchings); 2827 (aliphatic C-H stretchings); 1617 

(C=N stretching); 1596, 1496 (aromatic C=C stretchings); 1444 (C-N stretching); 1329 

(C-O stretching); 1242 (C=S stretching); 812 (1,4-dialkyl phenyl C-H bendings); 790 (4-

chlorophenyl C-H bendings) (Figure 65). 

 

Figure 65. IR spectrum of Compound 10e  

 

1H NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 0.83 (6H, d, J=6.4 Hz, isobutyl -CH3); 1.55 (3H, d, J=7.2 

Hz, -CH-CH3); 1.77-1.81 (1H, m, isobutyl –CH-); 2.40 (2H, d, J=6.8 Hz, isobutyl –CH2-

); 2.87 (4H, t, J=5 Hz, piperazine H2+H6); 3.13 (4H, t, J=5 Hz, piperazine H3+H5); 4.32 

(1H, q, J=7.2 Hz, -CH-CH3,); 4.99 (2H, s, -N-CH2-N-); 6.92 (2H, bd, J=9.4 Hz, phenyl 

H2’+H6’); 7.12 (2H, bd, J=8.6 Hz, phenyl H3+H5); 7.18 (2H, bd, J=8.6 Hz, phenyl 

H2+H6); 7.21 (2H, bd, J=9.4 Hz, phenyl H3’+H5’) (Figure 66). 



133 

 

 

Figure 66. 1H NMR spectrum of Compound 10e  

 

13C NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 18.48 (isobutyl –CH-); 22.11+22.13 (isobutyl -CH3); 

29.50 (-CH-CH3); 36.07 (isobutyl -CH2-); 44.13 (-CH-CH3); 47.95 (piperazine C2+C6); 

49.27 (piperazine C3+C5); 69.36 (-N-CH2-N-); 116.97 (phenyl C2’+C6’); 122.36 (phenyl 

C4’); 126.94 (phenyl C3+C5); 128.56 (phenyl C3’+C5’); 129.43 (phenyl C2+C6); 136.75 

(phenyl C4); 140.51 (phenyl C1); 149.59 (phenyl C1’); 164.07 (C=N); 177.73 (C=S) 

(Figure 67). 

 

Figure 67. 13C NMR spectrum Compound 10e  
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5-[1-(4-Isobutylphenyl)ethyl]-3-{[4-(2-chlorophenyl)piperazin-1-yl]methyl}-1,3,4-

oxadiazole-2(3H)-thione (Compound 10f) 

 

 

 

5-[1-(4-Isobutylphenyl)ethyl]-1,3,4-oxadiazole-2(3H)-thione (0.01 mol, 2.62 g), 1-(2-

chlorophenyl)piperazine monohydrochloride (0.01 mol, 2.33 g), formaldehyde (0.015 

mol, 0.55 ml) in 15 ml methanol were reacted according to general synthesis method at 

3.1.2.4. 

 

Yield (%) 

 

: 39 

Retention factor (Rf)   

               

: 0.61 [Toluene: Acetone: Acetic Acid (75:25:10)]   

Physical appearance        

          

: White powder 

Melting point (oC)   

                    

: 94 

Solubility : Highly soluble with acetone and DMSO.  

Practically insoluble in  water 

Elemental analysis   

Molecular formula                   : C25H31ClN4OS 

Molecular weight (g/mol)      : 471.06 

 

 

 C H N S 

Calculated (%) 63.74 6.63 11.89 6.81 

Found (%) 63.05 6.83 12.12 6.97 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 3053 (aromatic C-H stretchings); 2819 (aliphatic C-H stretchings); 1618 

(C=N stretching); 1586, 1479 (aromatic C=C stretchings); 1443 (C-N stretching); 1330 

(C-O stretching); 1250 (C=S stretching); 845 (1,4-dialkylphenyl C-H bendings); 741 (2-

chlorophenyl C-H bendings) (Figure 68).  

 

Figure 68. IR spectrum of Compound 10f  

 

1H NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 0.85 (6H, d, J=6.4 Hz, isobutyl -CH3); 1.58 (3H, d, J=7.2 

Hz, -CH-CH3); 1.79-1.83 (1H, m, isobutyl -CH-); 2.42 (2H, d, J=7.2 Hz, isobutyl –CH2-

); 2.87 (4H, d, J=4.4 Hz, piperazine H2+H6); 2.96 (4H, d, J=4.4 Hz, piperazine H3+H5); 

4.37 (1H, q, J=7.2 Hz, -CH-CH3,); 5.01 (2H, s, -N-CH2-N-); 7.02-7.06 (1H, m, phenyl 

H5’); 7.15 (1H, dd, J=8.2 J’=1.8 Hz, phenyl H6’); 7.16 (2H, bd, J=8 Hz, phenyl H3+H5); 

7.23 (2H, bd, J=8 Hz, phenyl H2+H6); 7.27-7.31 (1H, m, phenyl H4’); 7.40 (2H, dd, J=8.2 

J’=1.4 Hz, phenyl H3
’) (Figure 69). 
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Figure 69. 1H NMR spectrum of Compound 10f   

 

13C NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 18.50 (isobutyl –CH-); 22.13 (isobutyl -CH3); 29.51 (-

CH-CH3); 36.09 (isobutyl -CH2-); 44.14 (-CH-CH3); 49.83 (piperazine C2+C6); 50.72 

(piperazine C3+C5); 69.55 (-N-CH2-N-); 120.93 (phenyl C4’); 123.96 (phenyl C3’); 

126.99 (phenyl C3+C5); 127.58 (phenyl C6’); 128.03 (phenyl C5
’); 129.43 (phenyl C2+C6); 

130.28 (phenyl C1); 136.83 (phenyl C4); 140.52 (phenyl C1’); 148.83 (C2’); 164.13 

(C=N); 177.78 (C=S) (Figure 70). 

 

Figure 70. 13C NMR spectrum of Compound 10f   
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5-[1-(4-Isobutylphenyl)ethyl]-3-{[4-(3,4-dichlorophenyl)piperazin-1-yl]methyl}-

1,3,4-oxadiazole-2(3H)-thione (Compound 10g)  

 

 

 

5-[1-(4-Isobutylphenyl)ethyl]-1,3,4-oxadiazole-2(3H)-thione (0.01 mol, 2.62 g), 1-(3,4-

chlorophenyl)piperazine (0.01 mol, 2.31 g), formaldehyde (0.015 mol, 0.55 ml) in 15 ml 

methanol were reacted according to general synthesis method at 3.1.2.4.  

 

Yield (%) 

 

: 63 

Retention factor (Rf)   

               

: 0.60 [Toluene: Acetone: Acetic Acid (75:25:10)]   

Physical appearance        

          

: White powder 

Melting point (oC)   

                    

: 116 

 

Solubility 

 

: Highly soluble with acetone and DMSO.  

Practically insoluble in  water 

Elemental analysis   

Molecular formula                   : C25H30Cl2N4OS 

Molecular weight (g/mol)      : 505.50 

 

 

 C H N S 

Calculated (%) 59.40 5.98 11.08 6.34 

Found (%) 58.78 6.12 11.15 6.40 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 2946 (aliphatic C-H stretchings); 2846 (aliphatic C-H stretchings); 1619 

(C=N stretching); 1593, 1551, 1512, 1486 (aromatic C=C stretchings); 1442 (C-N 

stretching); 1330 (C-O stretching); 1258 (C=S stretching); 835 (1,4-dialkylphenyl C-H 

bendings); 802 (3,4-dichlorophenyl C-H bendings) (Figure 71). 

 

Figure 71. IR spectrum of Compound 10g  

 

1H NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 0.83 (6H, d, J=6.4 Hz, isobutyl -CH3); 1.54 (3H, d, J=6.8 

Hz, -CH-CH3); 1.77-1.81 (1H, m, isobutyl -CH-); 2.40 (2H, d, J=7.2 Hz, isobutyl –CH2-

); 2.78 (4H, t, J=4.8 Hz, piperazine H2+H6); 3.19 (4H, t, J=4.8 Hz, piperazine H3+H5); 

4.32 (1H, q, J=7.2 Hz, -CH-CH3,); 4.99 (2H, s, -N-CH2-N-); 6.91 (1H, dd, J=9.2 J’=2.8 

Hz, phenyl H6’); 7.11 (1H, d, J=3.2 Hz, phenyl H2’); 7.12 (2H, d, J=8 Hz, phenyl H3+H5); 

7.17 (2H, d, J=8 Hz, phenyl H2+H6); 7.40 (1H, d, J=9.2 Hz, phenyl H5
’) (Figure 72). 
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Figure 72. 1H NMR spectrum of Compound 10g  

 

13C NMR spectrum 

δ ppm (400 MHz/DMSO-d6):18.47 (isobutyl –CH-); 22.11+22.12 (isobutyl -CH3); 29.50 (-

CH-CH3); 36.06 (isobutyl -CH2-); 44.13 (-CH-CH3); 47.44 (piperazine C2+C6); 49.10 (piperazine 

C3+C5); 69.30 (-N-CH2-N-); 115.39 (phenyl C6’); 116.30 (phenyl C5’); 119.54 (phenyl C2’); 

126.94 (phenyl C3+C5); 129.41 (phenyl C2+C6); 130.40 (phenyl C4
’); 131.45 (phenyl C3

’); 136.74 

(phenyl C4); 140.50 (phenyl C1); 150.45 (phenyl C1
’); 164.07 (C=N); 177.71 (C=S) (Figure 73). 

Figure 73. 13C NMR spectrum of Compound 10g  
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5-[1-(4-Isobutylphenyl)ethyl]-3-{[4-(2,3-dichlorophenyl)piperazin-1-yl]methyl}-1,3,4-

oxadiazole-2(3H)-thione (Compound 10h) 

 

 

 

5-[1-(4-Isobutylphenyl)ethyl]-1,3,4-oxadiazole-2(3H)-thione (0.01 mol, 2.62 g), 1-(2,3-

dichlorophenyl)piperazine hydrochloride (0.01 mol, 2.67 g), formaldehyde (0.015 mol, 

0.55 ml) in 15 ml methanol were reacted according to general synthesis method at 3.1.2.4.  

 

Yield (%) 

 

: 52 

Retention factor (Rf)   

               

: 0.60  [Toluene: Acetone: Acetic Acid (75:25:10)]   

Physical appearance        

          

: White powder 

Melting point (oC)   

                    

: 99 

Solubility : Highly soluble with acetone and DMSO. 

Practically insoluble in  water 

Elemental analysis   

Molecular formula                   : C25H30Cl2N4OS 

Molecular weight (g/mol)      : 505.50 

 

 

 C H N S 

Calculated (%) 59.40 5.98 11.08 6.34 

Found (%) 58.70 6.11 11.09 6.36 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 2946 (aromatic C-H stretchings); 2845 (aliphatic C-H stretchings); 1619 

(C=N stretching); 1593, 1552, 1511, 1486 (aromatic C=C stretchings); 1442 (C-N 

stretching); 1326 (C-O stretching); 1258 (C=S stretching); 835 (1,4-dialkylphenyl C-H 

bendings); 802 (2,3-dichlorophenyl C-H bendings) (Figure 74). 

 

Figure 74. IR spectrum of Compound 10h  

 

1H NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 0.84 (6H, d, J=6.4 Hz, isobutyl -CH3); 1.57 (3H, d, J=7.6 

Hz, -CH-CH3); 1.77-1.83 (1H, m, isobutyl -CH-); 2.41 (2H, d, J=6.8 Hz, isobutyl –CH2-

); 2.87 (4H, d, J=4.2 Hz, piperazine H2+H6); 2.97 (4H, d, J=4.2 Hz, piperazine H3+H5); 

4.36 (1H, q, J=6.8 Hz, -CH-CH3,); 5.00 (2H, s, -N-CH2-N-); 7.14 (1H, t, J=8 Hz, phenyl 

H5’); 7.15 (2H, bd, J=7.4 Hz, phenyl H3+H5); 7.22 (2H, bd, J=7.4 Hz, phenyl H2+H6); 

7.28-7.31 (2H, m, phenyl H4
’+H6’) (Figure 75). 
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Figure 75. 1H NMR spectrum of Compound 10h  

 

13C NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 18.48 (isobutyl –CH-); 22.12+22.13 (isobutyl -CH3); 

29.50 (-CH-CH3); 36.08 (isobutyl -CH2-); 44.14 (-CH-CH3); 49.77 (piperazine C2+C6); 

50.79 (piperazine C3+C5); 69.51 (-N-CH2-N-); 119.68 (phenyl C6’); 124.47 (phenyl C4’); 

126.02 (phenyl C2’); 126.99 (phenyl C3+C5); 128.41 (phenyl C5
’); 129.43 (phenyl C2+C6); 

132.57 (phenyl C3
’); 136.81 (phenyl C4); 140.52 (phenyl C1); 150.98 (phenyl C1

’); 164.14 

(C=N); 177.76 (C=S) (Figure 76). 

 

Figure 76. 13C NMR spectrum of Compound 10h  
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5-[1-(4-Isobutylphenyl)ethyl]-3-{[4-(4-methylphenyl)piperazin-1-yl]methyl}-1,3,4-

oxadiazole-2(3H)-thione (Compound 10i) 

 

 

 

5-[1-(4-Isobutylphenyl)ethyl]-1,3,4-oxadiazole-2(3H)-thione (0.01 mol, 2.62 g), 1-(4-

methylphenyl)piperazine (0.01 mol, 1.76 g), formaldehyde (0.015 mol, 0.55 ml) in 15 ml 

methanol were reacted according to general synthesis method at 3.1.2.4.  

 

Yield (%) 

 

: 70 

Retention factor (Rf)   

               

: 0.64  [Toluene: Acetone: Acetic Acid (75:25:10)]   

Physical appearance        

          

: White powder 

Melting point (oC)   

                    

: 98 

Solubility : Highly soluble with acetone and DMSO.  

Practically insoluble in  water 

Elemental analysis   

Molecular formula                   : C26H34N4OS 

Molecular weight (g/mol)      : 450.63 

 

 

 C H N S 

Calculated (%) 69.30 7.60 12.43 7.12 

Found (%) 69.08 7.67 12.52 7.21 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 2948 (aromatic C-H stretchings); 2824 (aliphatic C-H stretchings); 1620 

(C=N stretching); 1574, 1519 (aromatic C=C stretchings); 1441 (C-N stretching); 1326 

(C-O stretching); 1245 (C=S stretching); 848 (1,4-dialkylphenyl C-H bendings); 807 (4-

methylphenyl C-H bendings) (Figure 77). 

 

Figure 77. IR spectrum  of Compound 10i  

 

1H NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 0.83 (6H, d, J=6.8 Hz, isobutyl -CH3); 1.55 (3H, d, J=7.2 

Hz, -CH-CH3); 1.77-1.81 (1H, m, isobutyl –CH-); 2.18 (3H, s, phenyl CH3); 2.40 (2H, d, 

J=7.6 Hz, isobutyl –CH2-); 2.83 (4H, t, J=5 Hz, piperazine H2+H6); 3.06 (4H, t, J=5 Hz, 

piperazine H3+H5); 4.33 (1H, q, J=7.2 Hz, -CH-CH3); 4.99 (2H, s, -N-CH2-N-); 6.81 (2H, 

d, J=8.8 Hz, phenyl H3’+H5’); 7.01 (2H, d, J=8.8 Hz, phenyl H2’+H6’); 7.13 (2H, d, J=8.2 

Hz, phenyl H3+H5); 7.19 (2H, d, J=8.2 Hz, phenyl H2+H6) (Figure 78). 
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Figure 78. 1H NMR spectrum of Compound 10i  

 

13C NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 18.49 (isobutyl –CH-); 20.01 (phenyl -CH3); 22.13+22.14 

(isobutyl -CH3); 29.50 (-CH-CH3); 36.09 (isobutyl -CH2-); 44.14 (-CH-CH3); 48.65 

(piperazine C2+C6); 49.52 (piperazine C3+C5); 69.44 (-N-CH2-N-); 115.85 (phenyl 

C2’+C6’); 126.99 (phenyl C4’); 127.73 (phenyl C3+C5); 129.31 (phenyl C3’+C5’); 129.44 

(phenyl C2+C6); 136.78 (phenyl C4); 140.51 (phenyl C1); 148.79 (phenyl C1’); 164.07 

(C=N); 177.75 (C=S) (Figure 79). 

 

Figure 79. 13C NMR spectrum of Compound 10i   
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5-[1-(4-Isobutylphenyl)ethyl]-3-{[4-(2,3-xyxylphenyl)piperazin-1-yl]methyl}-1,3,4-

oxadiazole-2(3H)-thione (Compound 10j) 

 

 

 

5-[1-(4-Isobutylphenyl)ethyl]-1,3,4-oxadiazole-2(3H)-thione (0.01 mol, 2.62 g), 1-(2,3-

xyxyl)piperazine (0.01 mol, 1.90 g), formaldehyde (0.015 mol, 0.55 ml) in 15 ml 

methanol were reacted according to general synthesis method at 3.1.2.4.  

 

Yield (%) 

 

: 45 

Retention factor (Rf)   

               

: 0.65  [Toluene: Acetone: Acetic Acid (75:25:10)]   

Physical appearance        

          

: White powder 

Melting point (oC)   

                    

: 93 

Solubility : Highly soluble with acetone and DMSO.  

Practically insoluble in  water 

Elemental analysis   

Molecular formula                   : C27H36N4OS 

Molecular weight (g/mol)      : 464.67 

 

 

 C H N S 

Calculated (%) 69.79 7.81 12.06 6.90 

Found (%) 69.01 7.61 12.09 6.85 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 2950 (aromatic C-H stretchings); 2845 (aliphatic C-H stretchings); 1618 

(C=N stretching); 1581, 1511, 1470 (aromatic C=C stretchings); 1454 (C-N stretching); 

1326 (C-O stretching); 1239 (C=S stretching); 842 (1,4-dialkylphenyl C-H bendings); 

776 (2,3-dimethylphenyl C-H bendings) (Figure 80). 

 

Figure 80. IR spectrum of Compound 10j  

 

1H NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 0.84 (6H, d, J=6.4 Hz, isobutyl -CH3); 1.57 (3H, d, J=7.2 

Hz, -CH-CH3); 1.78-1.82 (1H, m, isobutyl –CH-); 2.11+2.19 (6H, s, phenyl -CH3); 2.42 

(2H, d, J=7.2 Hz, isobutyl –CH2-); 2.77 (4H, bd, J=3.6 Hz, piperazine H2+H6); 2.85 (4H, 

bs, piperazine H3+H5); 4.36 (1H, q, J=7.2 Hz, -CH-CH3,); 5.00 (2H, s, -N-CH2-N-); 6.87 

(2H, bd, J=8 Hz, phenyl H4’+H6’); 7.02 (2H, t, J=7.8 Hz, phenyl H5’); 7.15 (2H, d, J=8 

Hz, phenyl H3+H5); 7.22 (2H, d, J=8 Hz, phenyl H2+H6) (Figure 81). 
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Figure 81. 1H NMR spectrum of Compound 10j  

 

13C NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 13.57 (phenyl C4’–CH3); 18.50 (isobutyl –CH-); 20.01 

(phenyl C3’-CH3); 22.12+22.13 (isobutyl -CH3); 29.52 (-CH-CH3); 36.08 (isobutyl -CH2-

); 44.14 (-CH-CH3); 50.15 (piperazine C2+C6); 51.65 (piperazine C3+C5); 60.61 (-N-CH2-

N-); 116.46 (phenyl C6’); 124.62 (phenyl C4’); 125.66 (phenyl C2’); 126.98 (phenyl 

C3+C5); 129.43 (phenyl C2+C6); 130.40 (phenyl C5’); 136.85 (phenyl C4); 137.22 (phenyl 

C3’); 140.53 (phenyl C1); 148.79 (phenyl C1’); 164.07 (C=N); 177.75 (C=S) (Figure 82). 

 

Figure 82. 13C NMR spectrum  of Compound 10j  
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5-[1-(4-Isobutylphenyl)ethyl]-3-{[4-(4-methoxyphenyl)piperazin-1-yl]methyl}-1,3,4-

oxadiazole-2(3H)-thione (Compound 10k) [17] 

 

 

 

5-[1-(4-Isobutylphenyl)ethyl]-1,3,4-oxadiazole-2(3H)-thione (0.01 mol, 2.62 g), 1-(4-

methoxyphenyl)piperazine (0.01 mol, 1.92 g), formaldehyde (0.015 mol, 0.55 ml) in 15 

ml methanol were reacted according to general synthesis method at 3.1.2.4.  

 

Yield (%) 

 

: 47 

Retention factor (Rf)   

               

: 0.65  [Toluene:Acetone:Acetic Acid (75:25:10)]   

Physical appearance        

          

: White powder 

Melting point (oC)   

                    

: 97 

Solubility : Highly soluble with acetone and DMSO.  

Practically insoluble in  water 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 2950 (aromatic C-H stretchings); 2833 (aliphatic C-H stretchings); 1622 

(C=N stretching); 1518 (aromatic C=C stretchings); 1456 (C-N stretching); 1325 (C-O 

stretching); 1265 (C=S stretching); 820 (1,4-dialkylphenyl C-H bendings);  803 (4-

methoxyphenyl C-H bendings) (Figure 83). 

 

Figure 83. IR spectrum of Compound 10k  

 

1H NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 0.82 (6H, d, J=6.8 Hz, isobutyl -CH3); 1.54 (3H, d, J=6.8 

Hz, -CH-CH3); 1.77-1.80 (1H, m, isobutyl –CH-); 2.40 (2H, d, J=7.2 Hz, isobutyl –CH2-

); 2.82 (4H, t, J=4.6 Hz, piperazine H2+H6); 2.99 (4H, t, J=4.6 Hz, piperazine H3+H5); 

3.65 (3H, s, phenyl –OCH3); 4.32 (1H, q, J=6.8 Hz, -CH-CH3,); 4.98 (2H, s, -N-CH2-N-

); 6.78 (2H, bd, J=9 Hz, phenyl H2’+H6’); 6.85 (2H, bd, J=9 Hz, phenyl H3’+H5’); 7.13 

(2H, bd, J=8.4 Hz, phenyl H3+H5); 7.19 (2H, d, J=8.4 Hz, phenyl H2+H6) (Figure 84). 
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Figure 84. 1H NMR spectrum of Compound 10k  
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5-[1-(4-Isobutylphenyl)ethyl]-3-{[4-(3-methoxyphenyl)piperazin-1-yl]methyl}-1,3,4-

oxadiazole-2(3H)-thione (Compound 10l) 

 

 

 

5-[1-(4-Isobutylphenyl)ethyl]-1,3,4-oxadiazole-2(3H)-thione (0.01 mol, 2.62 g), 1-(3-

methoxyphenyl)piperazine (0.01 mol, 1.92 g), formaldehyde (0.015 mol, 0.55 ml) in 15 

ml methanol were reacted according to general synthesis method at 3.1.2.4.  

 

Yield (%) 

 

: 45 

Retention factor (Rf)   

               

: 0.65  [Toluene: Acetone: Acetic Acid (75:25:10)]   

Physical appearance        

          

: White powder 

Melting point (oC)   

                    

: 93 

Solubility : Highly soluble with acetone and DMSO.  

Practically insoluble in  water 

Elemental analysis   

Molecular formula                   : C26H34N4O2S 

Molecular weight (g/mol)      : 466.64 

 

 

 C H N S 

Calculated (%) 66.92 7.34 12.01 6.87 

Found (%) 65.91 7.57 12.43 7.01 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 2923 (aromatic C-H stretchings); 2810 (aliphatic C-H stretchings); 1603 

(C=N stretching); 1572, 1495 (aromatic C=C stretchings); 1449 (C-N stretching); 1338 

(C-O stretching); 1269 (C=S stretching); 836 (1,4-dialkylphenyl C-H bendings); 759 (3-

methoxyphenyl C-H bendings)  (Figure 85). 

 

Figure 85. IR spectrum of Compound 10l  

 

1H NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 0.84 (6H, d, J=6.4 Hz, isobutyl CH3); 1.56 (3H, d, J=6.8 

Hz, -CH-CH3); 1.77-1.84 (1H, m, isobutyl –CH-); 2.41 (2H, d, J=7.2 Hz, isobutyl –CH2-

); 2.86 (4H, t, J=5 Hz, piperazine H2+H6); 3.13 (4H, t, J=5 Hz, piperazine H3+H5); 4.34 

(1H, q, J=7.2 Hz, -CH-CH3); 5.00 (2H, s, -N-CH2-N-); 6.36 (1H, dd, J=8.2 J’=2.2 Hz, 

phenyl H6’); 6.44 (1H, t, J=2.2 Hz, phenyl H2’); 6.51 (1H, dd, J=8.2 Hz J’=2.2 Hz, phenyl 

H4’); 7.09 (1H, t, J=8.4 Hz, phenyl H5’); 7.14 (2H, d, J=8.2 Hz, phenyl H3+H5); 7.20 (2H, 

d, J=8.2 Hz, phenyl H2+H6) (Figure 86). 
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Figure 86. 1H NMR spectrum of Compound 10l   

 

13C NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 18.49 (-CH-CH3); 22.13+22.14 (isobutyl -CH3); 29.50 

(isobutyl -CH-); 36.09 (isobutyl -CH2-); 44.13 (-CH-CH3); 48.13 (piperazine C2+C6); 

49.49 (piperazine C3+C5); 54.82 (phenyl C3’-OCH3); 69.42 (-N-CH2-N-); 101.69 (phenyl 

C2’); 104.26 (phenyl C6’); 108.18 (phenyl C4’); 126.98 (phenyl C2+C6); 129.44 (phenyl 

C3+C5); 129.56 (phenyl C5’); 136.76 (phenyl C4); 140.50 (phenyl C1); 152.23 (phenyl 

C1’); 160.14 (phenyl C3’) 164.10 (C=N); 177.76 (C=S) (Figure 87). 

 

Figure 87. 13C NMR spectrum of Compound 10l   
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5-[1-(4-Isobutylphenyl)ethyl]-3-{[4-(2-methoxyphenyl)piperazin-1-yl]methyl}-1,3,4-

oxadiazole-2(3H)-thione (Compound 10m) 

 

 

 

5-[1-(4-Isobutylphenyl)ethyl]-1,3,4-oxadiazole-2(3H)-thione (0.01mol, 2.62 g), 1-(2-

methoxyphenyl)piperazine (0.01 mol, 1.92 g), formaldehyde (0.015 mol, 0.55 ml) in 15 

ml methanol were reacted according to general synthesis method at 3.1.2.4.  

 

Yield (%) 

 

: 41 

Retention factor (Rf)   

               

: 0.66  [Toluene: Acetone: Acetic Acid (75:25:10)]   

Physical appearance        

          

: White powder 

Melting point (oC)   

                    

: 98 

Solubility : Highly soluble with acetone and DMSO. 

Practically insoluble in  water 

Elemental analysis   

Molecular formula                   : C26H34N4O2S 

Molecular weight (g/mol)      : 466.64 

 

 

 C H N S 

Calculated (%) 66.92 7.34 12.01 6.87 

Found (%) 65.99 7.61 11.92 7.01 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 3049 (aromatic C-H stretchings); 2909 (aliphatic C-H stretchings); 1614 

(C=N stretching); 1594, 1498 (aromatic C=C stretchings); 1444 (C-N stretching); 1324 

(C-O stretching); 1242 (C=S stretching); 850 (1,4-dialkylphenyl C-H bendings); 737 (2-

methoxyphenyl C-H bendings) (Figure 88). 

 

Figure 88. IR spectrum of Compound 10m  

 

1H NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 0.85 (6H, d, J=6.8 Hz, isobutyl CH3); 1.58 (3H, d, J=7.6 

Hz, -CH-CH3); 1.76-1.86 (1H, m, isobutyl –CH-); 2.42 (2H, d, J=7.2 Hz, isobutyl –CH2-

); 2.85 (4H, bs, piperazine H2+H6); 2.95 (4H, bs, piperazine H3+H5); 3.76 (3H, s, phenyl 

C2’–OCH3); 4.37 (1H, q, J=7 Hz, -CH-CH3); 4.99 (2H, s, -N-CH2-N-); 6.86-6.95 (4H, m, 

phenyl H3’+H4’+H5’+H6’); 7.16 (2H, bd, J=8 Hz, phenyl H3+H5); 7.23 (2H, bd, J=8 Hz, 

phenyl H2+H6) (Figure 89). 
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Figure 89. 1H NMR spectrum of Compound 10m  

 

13C NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 18.49 (-CH-CH3); 22.12+22.13 (isobutyl -CH3); 29.50 

(isobutyl –CH-); 36.09 (isobutyl -CH2-); 44.14 (-CH-CH3); 49.86 (piperazine C2+C6); 

49.93 (piperazine C3+C5); 55.21 (phenyl C2’–OCH3); 69.66 (-N-CH2-N-); 111.78 (phenyl 

C6’); 118.02 (phenyl C3’); 120.75 (phenyl C4’); 122.51 (phenyl C5’); 127.03 (phenyl 

C3+C5); 129.43 (phenyl C2+C6); 136.79 (phenyl C4); 140.52 (phenyl C1); 140.99 (phenyl 

C1’); 151.88 (phenyl C2’); 164.11 (C=N); 177.75 (C=S) (Figure 90). 

 

Figure 90. 13C NMR spectrum of Compound 10m   
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5-[1-(4-Isobutylphenyl)ethyl]-3-{[4-(4-cyanophenyl)piperazin-1-yl]methyl}-1,3,4-

oxadiazole-2(3H)-thione (Compound 10n) 

 

 

 

5-[1-(4-Isobutylphenyl)ethyl]-1,3,4-oxadiazole-2(3H)-thione (0.01 mol, 2.62 g), 4-pipe-

razinobenzonitrile (0.01 mol, 1.87 g), formaldehyde (0.015 mol, 0.55 ml) in 15 ml 

methanol were reacted according to general synthesis method at 3.1.2.4.  

 

Yield (%) 

 

: 50 

Retention factor (Rf)   

               

: 0.66 [Toluene: Acetone: Acetic Acid (75:25:10)]   

Physical appearance        

          

: White powder 

Melting point (oC)   

                    

: 50 

Solubility : Highly soluble with acetone and DMSO.  

Practically insoluble in  water 

Elemental analysis   

Molecular formula                   : C26H31N5OS 

Molecular weight (g/mol)      : 461.62 

 

 

 C H N S 

Calculated (%) 67.65 6.77 15.17 6.95 

Found (%) 67.70 6.98 15.20 7.04 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 2946 (aromatic C-H stretchings); 2840 (aliphatic C-H stretchings); 2211 

(C≡N stretching); 1604 (C=N stretching); 1513 (aromatic C=C stretchings); 1445 (C-N 

stretching); 1329 (C-O stretching); 1248 (C=S stretching); 818 (1,4-dialkylphenyl C-H 

bendings); 789 (4-cyanophenyl C-H bendings)  (Figure 91). 

 

Figure 91. IR spectrum of Compound 10n  

 

1H NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 0.83 (6H, d, J=6.4 Hz, isobutyl -CH3); 1.53 (3H, d, J=6.8 

Hz, -CH-CH3); 1.76-1.80 (1H, m, isobutyl –CH-); 2.39 (2H, d, J=7.2 Hz, isobutyl –CH2-

); 2.80 (4H, bs, piperazine H2+H6); 3.53 (4H, t, J=5 Hz, piperazine H3+H5); 4.31 (3H, q, 

J=7.2 Hz, -CH-CH3,); 5.00 (2H, s, -N-CH2-N-); 7.01 (2H, bd, J=8.8 Hz phenyl H2’+H6’); 

7.09 (2H, bd, J=8 Hz phenyl H3+H5); 7.16 (2H, bd, J=8 Hz, phenyl H2+H6); 7.56 (2H, 

bd, J=8.8 Hz, phenyl H3’+H5’) (Figure 92). 
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Figure 92. 1H NMR spectrum  of Compound 10n  

 

13C NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 18.47 (isobutyl –CH-); 20.09+20.13 (isobutyl -CH3); 

29.50 (-CH-CH3); 36.06 (isobutyl -CH2-); 44.11 (-CH-CH3); 46.32 (piperazine C2+C6); 

49.07 (piperazine C3+C5); 69.28 (-N-CH2-N-); 98.26 (phenyl C4’-C≡N); 114.12 (phenyl 

C2’+C6’); 119.94 (phenyl C4’); 126.93 (phenyl C3+C5); 129.40 (phenyl C2+C6); 133.29 

(phenyl C3
’+C5

’); 136.73 (phenyl C4); 140.51 (phenyl C1); 152.90 (phenyl C1
’); 164.07 

(C=N); 177.71 (C=S) (Figure 93). 

 

Figure 93. 13C NMR spectrum of Compound 10n  
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5-[1-(4-Isobutylphenyl)ethyl]-3-{[4-(2-cyanophenyl)piperazin-1-yl]methyl}-1,3,4-

oxadiazole-2(3H)-thione (Compound 10o) 

 

 

 

5-[1-(4-Isobutylphenyl)ethyl]-1,3,4-oxadiazole-2(3H)-thione (0.01 mol, 2.62 g), 1-(2-

cyanophenyl)piperazine (0.01 mol, 1.87 g), formaldehyde (0.015 mol, 0.55 ml) in 15 ml 

methanol were reacted according to general synthesis method at 3.1.2.4.  

 

Yield (%) 

 

: 52 

Retention factor (Rf)   

               

: 0.64 [Toluene: Acetone: Acetic Acid (75:25:10)]   

Physical appearance        

          

: White powder 

Melting point (oC)   

                    

: 80 

Solubility : Highly soluble with acetone and DMSO.  

Practically insoluble in  water 

Elemental analysis   

Molecular formula                   : C26H31N5OS 

Molecular weight (g/mol)      : 461.62 

 

 

 C H N S 

Calculated (%) 67.65 6.77 15.17 6.95 

Found (%) 66.91 6.79 15.31 7.09 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 2945 (aromatic C-H stretchings); 2837 (aliphatic C-H stretchings); 2218 

(C≡N stretching); 1617 (C=N stretching); 1594, 1569, 1510, 1488 (aromatic C=C 

stretchings); 1445 (C-N stretching); 1329 (C-O stretching); 1250 (C=S stretching); 847 

(1,4-dialkylphenyl C-H bendings); 765 (2-cyanophenyl C-H bendings)  (Figure 94). 

 

Figure 94. IR spectrum of Compound 10o  

 

 

1H NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 0.84 (6H, d, J=6.8 Hz, isobutyl -CH3); 1.57 (3H, d, J=7.2 

Hz, -CH-CH3); 1.78-1.82 (1H, m, isobutyl –CH-); 2.41 (2H, d, J=7.6 Hz, isobutyl –CH2-

); 2.90 (4H, t, J=3.5 Hz, piperazine H2+H6); 3.14 (4H, t, J=3.5 Hz, piperazine H3+H5); 

4.37 (3H, q, J=7 Hz, -CH-CH3,); 5.03 (2H, s, -N-CH2-N-); 7.10 (2H, t, J=7.8 Hz phenyl 

H5’); 7.15 (3H, d, J=8 Hz phenyl H3+H5+H6’); 7.22 (2H, d, J=8 Hz, phenyl H2+H6); 7.58-

7.62 (1H, m, phenyl H4’); 7.70 (1H, dd, J=7.6 J’=1.6 Hz, phenyl H3’) (Figure 95). 
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Figure 95. 1H NMR spectrum of Compound 10o  

 

13C NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 18.51 (isobutyl –CH-); 22.11+22.13 (isobutyl -CH3); 

29.49 (-CH-CH3); 36.08 (isobutyl -CH2-); 44.14 (-CH-CH3); 49.66 (piperazine C2+C6); 

51.07 (piperazine C3+C5); 69.38 (-N-CH2-N-); 104.88 (phenyl C2’-C≡N); 118.11 (phenyl 

C6’); 119.19 (phenyl C4’); 122.12 (phenyl C2’); 126.96 (phenyl C3+C5); 129.46 (phenyl 

C2+C6); 134.18 (phenyl C5’); 136.78 (phenyl C4); 140.50 (phenyl C1); 155.11 (phenyl 

C1’); 164.15 (C=N); 177.75 (C=S) (Figure 96). 

 

Figure 96. 13C NMR spectrum of Compound 10o  
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5-[1-(4-Isobutylphenyl)ethyl]-3-{[4-(2-pyridyl)piperazin-1-yl]methyl}-1,3,4-oxadi-

azole-2(3H)-thione (Compound 10p) 

 

 

 

5-[1-(4-Isobutylphenyl)ethyl]-1,3,4-oxadiazole-2(3H)-thione (0.01 mol, 2.62 g), 1-(2-

pyridyl)piperazine (0.01 mol, 1.63 g), formaldehyde (0.015 mol, 0.55 ml) in 15 ml 

methanol were reacted according to general synthesis method at 3.1.2.4.  

 

Yield (%) 

 

: 55 

Retention factor (Rf)   

               

: 0.64 [Toluene: Acetone: Acetic Acid (75:25:10)]   

Physical appearance        

          

: White powder 

Melting point (oC)   

                    

: 85 

Solubility : Highly soluble with acetone and DMSO.  

Practically insoluble in  water 

Elemental analysis   

Molecular formula                   : C24H31N5OS 

Molecular weight (g/mol)      : 437.60 

 

 

 C H N S 

Calculated (%) 65.87 7.14 16.00 7.33 

Found (%) 65.32 7.10 16.12 7.48 
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Spectral Analysis 

Infrared (IR) spectrum 

νmax (cm-1) : 2951 (aromatic C-H stretchings); 2844 (aliphatic C-H stretchings); 1618 

(C=N stretching); 1591, 1563, 1512, 1478 (aromatic C=C stretchings); 1445 (C-N 

stretching); 1326 (C-O stretching); 1274 (C=S stretching); 843 (1,4-dialkylphenyl C-H 

bendings); 774 (2-pyridyl C-H bendings)  (Figure 97). 

 

Figure 97. IR spectrum of Compound 10p  

 

1H NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 0.83 (6H, d, J=6.4 Hz, isobutyl -CH3); 1.54 (3H, d, J=6.8 

Hz, -CH-CH3); 1.74-1.82 (1H, m, isobutyl –CH-); 2.42 (2H, d, J=7.6 Hz, isobutyl –CH2-

); 2.78 (4H, t, J=4.8 Hz, piperazine H2+H6); 3.49 (4H, t, J=4.8 Hz, piperazine H3+H5); 

4.32 (1H, q, J=7.2 Hz, -CH-CH3,); 5.00 (2H, s, -N-CH2-N-); 6.61-6.64 (1H, m, pyridyl 

H5); 6.81 (1H, d, J=8.4 Hz, pyridyl H6); 7.11 (2H, d, J=8 Hz, phenyl H3+H5); 7.17 (2H, 

d, J=8 Hz, phenyl H2+H6); 7.49-7.53 (1H, m, pyridyl H4), 8.09 (1H, dd, J=4.6 J’=1.4 Hz, 

pyridyl H3) (Figure 98). 
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Figure 98. 1H NMR spectrum of Compound 10p  

 

13C NMR spectrum 

δ ppm (400 MHz/DMSO-d6): 18.45 (isobutyl –CH-); 22.11+22.13 (isobutyl -CH3); 

29.49 (-CH-CH3); 36.06 (isobutyl -CH2-); 44.12 (-CH-CH3); 44.51 (piperazine C2+C6); 

49.34 (piperazine C3+C5); 69.52 (-N-CH2-N-); 107.17 (pyridyl C6); 112.99 (pyridyl C4); 

126.95 (phenyl C3+C5); 129.41 (phenyl C2+C6); 136.74 (phenyl C4); 137.45 (pyridyl C5); 

140.49 (phenyl C1); 147.49 (pyridyl C3); 159.32 (pyridyl C1); 164.58 (C=N); 178.22 

(C=S) (Figure 99). 

 

Figure 99. 13C NMR spectrum  of Compound 10p  
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4.2. Biological Studies 

4.2.1. Cell Viability 

 Tested compounds and indomethacin were analyzed for their cytotoxic effects on 

RAW 264.7 macrophages by using the MTT assay. IC50 values of reference and 

synthesized compounds were given in Table 2. 

 

Table 2. IC50 values of compound 5a-5o and 10a-10p with reference indomethacin 

Compound IC50 (µM) Compound IC50 (µM) 

5a >100 10a >100 

5b >100 10b >100 

5c >100 10c >100 

5d >100 10d >100 

5e >100 10e >100 

5f >100 10f >100 

5g >50 10g 68.47±1.80 

5h >100 10h >100 

5i >100 10i >100 

5j >100 10j >100 

5k >100  10k >100 

5l >100 10l >100 

5m >100 10m >100 

5n >100 10n >100 

5o >100 10o >100 

 10p >100 

 Indomethacin >100 
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4.2.2. Antiinflammatory Activity 

4.2.2.1. COX-1/COX-2 Inhibition 

In vitro antiinflammatory effect poteantials of tested and reference compounds 

were done by cyclooxygenase-1 (COX-1)/cyclooxygenase-2 (COX-2) enzyme 

fluorometric assay kit method. Ibuprofen, SC-560 (selective COX-1 inhibitor) and DuP-

687 (selective COX-2 inhibitor) were employed as standart drugs and results were 

summerized in Table 3 as percentage of enzyme inhibition. All tested samples and 

standart compounds were applied at 100 µM dose except 5g and 10g (50 µM). 

 

Table 3. COX-1 and COX-2 inhibition (%) of compound 5a-5o and 10a-10p  

Compound  
COX-1 

inhibition (%) 

COX-2 

inhibition (%) 
Compound  

COX-1 

inhibition (%) 

COX-2 

inhibition (%) 

5a 51.3±1.6 26.9±1.8 10a 19.3±1.0 10.2±3.4 

5b 24.1±1.0 10.5±1.4 10b 76.4±2.1 9.9±1.2 

5c 24.7±0.8 20.5±0.5 10c 35.6±1.1 20.7±2.2 

5d 32.3±1.9 25.6±0.7 10d 31.5±1.4 13.9±1.0 

5e 50.3±2.1 39.8±0.6 10e 51.7±2.8 20.2±2.5 

5f 47.9±2.4 20.4±4.1 10f 44.2±3.6 35.3±0.5 

5g 14.2±2.8 8.6±0.8 10g  47±0.8 39.3±0.3 

5h 40.4±0.3 18.6±1.9 10h 54.7±2.2 32.4±0.4 

5i 56.7±0.8 20.8±1.8 10i 9.8±1.1 6.7±1.2 

5j 35.2±3.1 14.8±1.9 10j 28.4±2.3 23.2±1.4 

5k 51.8±2.6 19.7±1.2 10k 12.8±1.5 6.8±1.5 

5l 17.3±2.2 9±2.5 10l 31.2±0.6 10.3±1.5 

5m 40.8±2.3 28.7±3.2 10m 48.3±0.3 20.5±1.1 

5n 56±4.8 33.8±3.3 10n 32.7±1.3 24±4.8 

5o 41.8±3.7 18.3±4.2 10o 18.2±2.8 12.5±3.7 

 10p 26.7±2.0 20.3±4.5 

 Ibuprofen 83.8±1.8 62.7±4.0 

 SC-560 90±2.6 NI 

 DuP-697 NI 90±2.6 
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4.2.2.2. NO Inhibition 

NO inhibition values of synthesized compounds and indomethacin were given in 

Table 4. All tested and reference compounds were applied at 100 µM doses except 5g and 

10g (50 µM).  

 

Table 4. LPS-induced nitrite levels of 5a-5o and 10a-10p with reference indomethacin 

Compound Nitrite level (µM) Compound Nitrite level (µM) 

LPS (+) 41.17±2.96   

5a 30.32±3.23 10a 29.91±4.25 

5b 28.93±5.66 10b 30.52±6.70 

5c 28.44±4.14 10c 29.49±5.20 

5d 27.47±3.99* 10d 13.16±4.84**** 

5e 27.33±3.51* 10e 23.77±5.55*** 

5f 27.74±4.02* 10f 34.38±6.06 

5g 30.54±4.91 10g 23.02±1.51**** 

5h 20.75±4.40**** 10h 14.51±0.13**** 

5i 30.18±1.69 10i 24.02±3.90*** 

5j 31.74±3.37 10j 28.16±2.93* 

5k 31.95±2.29 10k 44.49±7.85 

5l 28.93±2.64 10l 32.81±7.67 

5m 26.13±3.00** 10m 32.73±6.35 

5n 29.29±2.05 10n 37.23±3.38 

5o 35.73±2.33 10o 37.09±7.69 

 10p 27.96±4,83* 

 Indomethacin 24.46±1.80*** 

One-way ANOVA, followed by the post-hoc tests by Tukey. The significant differences between groups 

and control (LPS) were defined with * at p<0.05, ** at p<0.01, *** at p<0.001 and **** at p<0.0001. 
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4.2.2.3. PGE2 Inhibition 

PGE2 inhibition values of synthesized compounds and indomethacin were given 

in Table 5. All tested and reference compounds were applied at 100 µM doses (except 

10g-50 µM) with three times. 

 

Table 5. LPS-induced PGE2 levels of selected compounds with reference indomethacin. 

Compound PGE2 level (pg/ml) 

LPS (+) 2396±154.8 

5d 2227±14.41 

5e 2156±55.78* 

5f 2198±42.66 

5h 354.2±36.54** 

5k 1521±27.5** 

5m 2392±0.1 

5n 1659±57.5** 

10b 2285±219.5 

10d 1982±38.46** 

10e 2142±13.85* 

10g  2377±76.84 

10h 1026±59.68** 

10i 2300±29.76 

10j 2330±60.29 

10p 2454±31.75 

Indomethacin 22.94±4.26** 

One-way ANOVA, followed by the post-hoc tests by Tukey. The significant differences between groups 

and control (LPS) were defined with * at p<0.05, ** at p<0.01, *** at p<0.001 and **** at p<0.0001. 
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4.2.3. Antioxidant Activity 

4.2.3.1. DPPH Scavenging Activity 

DPPH scavenging percentages of synthesized compounds and ascorbic acid 

values were given in Table 6. Ascorbic acid and all tested compounds were applied at 

100 µM dose except 5g and 10g (50 µM), 

 

Table 6. DPPH radical scavenging percentages of 5a-5o and 10a-10p with reference ascorbic acid. 

Compounds 
DPPH radical 

scavenging (%) 
Compounds  

DPPH radical 

scavenging (%) 

5a 34.98±0.97 10a 40.22±4.86 

5b 50.60±1.96 10b 35.67±2.65 

5c 49.73±3.35 10c 40.88±0.83 

5d 49.48±1.68 10d 47.77±1.38 

5e 42.26±2.46 10e 39.47±1.25 

5f 44.68±1.95 10f 33.63±2.46 

5g  27.87±0.76 10g  19.90±0.99 

5h 42.89±0.88 10h 37.42±0.99 

5i 41.43±3.16 10i 42.59±1.61 

5j 32.54±1.72 10j 30.73±0.09 

5k 39.13±1.41 10k 17.90±0.88 

5l 50.56±2.29 10l 45.35±0.76 

5m 46.22±0.94 10m 43.76±0.85 

5n 42.26±1.14 10n 38.17±2.86 

5o 26.66±1.42 10o 30.91±0.45 

 10p 39.17±0.99 

 Ascorbic Acid 19.09±0.80 
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4.3. Docking Studies 

4.3.1. COX-1/ COX-2 Docking Scores 

Compounds that have more than 50% inhibition against COX-1 enzyme were 

docked into COX-1 (PDB ID: 5U6X [199]) and COX-2 (PDB ID: 5IKT [200]) enzymes. 

Docking scores of corresponding samples were given in Table 7. 

 

Table 7. Docking scores of chosen derivatives for COX-1 and COX-2 enzymes 

Compound 
Docking Score  

(COX-1) 

Docking Score  

(COX-2) 
RMSD 

5a -7.688 -8.03  

5d -7.668 -8.064  

5e -7.805 -8.073  

5h -7.632 -7.324  

5i -7.863 -8.178  

5k -7.079 -7.991  

5m -8.003 -8.483  

5n -7.444 -8.286  

10b -8.695 -8.006  

10d -8.951 -7.5  

10e -8.658 -7.985  

10g -8.627 -7.851  

10h -8.444 -6.602  

10i -8.106 -7.907  

10m -7.914 -7.471  

10p -8.219 -7.531  

Cocrystallized ligand 

(PDB ID: 5U6X) 
-7.715  0.210 

Cocrystallized ligand 

(PDB ID: 5IKT) 
 -10.165 0.738 
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5. DISCUSSION and CONCLUSION 

 

5.1. Chemistry 

In this study, 5-(2-hydroxyphenyl)-3-[(substitutedpiperazine)methyl]-1,3,4-

oxadiazole-2(3H)-thione (5a-5o) and 5-{1-[4-(isobutyl)phenyl]ethyl}-3-[(4-substituted 

piperazine)methyl]-1,3,4-oxadiazole-2(3H)-thione (10a-10p) compounds were 

synthesized according to reaction pathway depicted in Scheme 7.  In the first step, 

carboxylic acid groups of salicylic acid (1) and ibuprofen (6) were converted into methyl 

ester groups (2, 7) from their carboxylic acid moieties in the presence of sulphuric acid 

and methanol. Subsequently, compounds 2 and 7 were reacted with hydrazine hydrate to 

produce hydrazide derivatives (Compound 3 and 8). 1,3,4-Oxadiazole-2(3H)-thione ring 

(compounds 4, 9) closure was obtained via the reaction of compounds 3 and 8 with carbon 

disulphide (CS2) and potassium hydroxide (KOH) in hot alcoholic media. Finally 

compounds 4 and 9 were treated with different piperazines via Mannich reaction to afford 

target compounds 5a-5o and 10a-10p in moderate to good yields [17, 84]. After synthesis, 

compound structures were elucidated with IR, UV, 1H NMR, 13C NMR spectral data and 

purities were checked by elemental analyses.  

 

Scheme 7. Chemical synthesis of compound 5a-5o and 10a-10p 
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Final compounds (5a-5o, 10a-10p) were obtained by four-step reaction (Scheme 

7). For the first step, carboxylic acid groups of salicylic acid and ibuprofen molecules 

were converted into methyl esters by Fischer’s esterification mechanism. Reaction work 

up was easy to handle. The resulting products were pure and in good yields (95-98%). 

The mechanism of reaction was shown in Scheme 8 as the protonation of carbonyl moiety 

of carboxylic acid refers formation of a carbocation on carbonyl in which alcohol group 

attacks on it for the further position. In the next step proton transfer and release of water 

corresponds to an oxonium ion intermediate. Finally deprotonation provides desired ester 

product [203]. 

 

 

Scheme 8. Mechanism of ester formation from carboxylic acid [203] 

 

For the second step, ester forms of salicylic acid and ibuprofen derivatives were 

reacted with hydrazine hydrate in the presence of ethanol. Ester compounds and 

hydrazine hydrate were used with stochiometrically 1:2 mole ratios and the mixture was 

gently boiled till 12-15 hours. In order to isolate final hydrazides, alcohol was evaporated 

at reduced pressure [17].  After the generation of an oily compound, iced water was 

poured onto it. Formed white solids was filtered, washed and dried. Compounds were 

produced in yields of 40-65%. For the mechanism of ester conversion into hydrazide 

group (Scheme 9); primary amine group in hydrazine hydrate attacks to carbonyl carbon 

via electrophilic substitution reaction which corresponds to negatively charged oxygen 
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formation on carbonyl group. Afterwards by the leaving of alkoxy group in the molecule 

contributes the reformation of carbonyl group again to produce final hydrazide compound 

[204].  

 

 

Scheme 9. Mechanism of hydrazide formation from ester group  

 

For the third step, similar synthesis pathway with Manjunatha et al. was used [17]. 

Initially, potassium hydroxide was dissolved in methanol and aryl/alkyl hydrazide was 

added to the clear solution. While carbondisulphide was treated drop by drop into 

reaction, dithiocarbamate salts of hydrazide were formed as solid particules in mixture. 

Untill all solid compounds totally were dissolved in hot reaction media, process was 

continued (10-15 hours). When the reaction was over, excess solvent was distilled off 

under reduced pressure and obtained oily-brown compound was quenced with n-hexane. 

Separated white solid particles were filtered, dried and recrystallized from ethanol. 

Desired 5-substituted-1,3,4-oxadiazole-2(3H)-thiones were yielded in range of 65-85%. 

Young and Wood explained the mechanism of 1,3,4-oxadiazole ring cyclization in 1955 

as, the reaction starts with nucleophilic substitution of carbon in carbondisulphide to 

primary amine moiety in hydrazide which corresponds to the formation of 

dithiocarbamate salt. Next step, nucleophilic oxygen attacks to partial positive carbon of 

dithiocarbamate and molecule becomes cyclized. In the presence of acid catalyst, thiol 

form of ring is totally tautomerized into thione form as depicted in Scheme 10 [205]. 
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Scheme 10. Mechanism of 1,3,4-oxadiazole-2(3H)-thione formation from hydrazide  

 

Last step of target compounds were applied with piperazine derivatives and 5-

substituted-1,3,4-oxadiazole-2(3H)-thiones by Mannich reaction procedure.  This 

reaction is described as a three-component condensation between structurally different 

substrates (X-H) containing minimum one active hydrogen atom, an aldehyde component 

and an amine reagent referring to a class of compounds generally known as Mannich 

bases. Mannich reactions are also named as aminoalkylation reactions in which if 

formaldehyde is used as aldehyde component, the substrate is converted into the 

corresponding Mannich base through an aminomethylation process [81]. The proposed 

mechanisms of our reaction were given as: 
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The acid-catalyzed Mannich reaction, 

 

The base-catalyzed Mannich reaction, 
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Novel 3,5-disubstituted-1,3,4-oxadiazole-2(3H)-thione derivatives (5a-5o, 10a-

10p) were synthesized in four steps reaction. Piperazine derivatives and third position of 

5-substituted-1,3,4-oxadiazole-2(3H)-thione ring were combined with a methylene 

bridge via Mannich reaction procedure in the presence of formaldehyde. Desired 

compounds were yielded in range of 32-84% for salicylic acid series (5a-5o) and 29-

72% for ibuprofen series (10a-10p). Particularly para-substituted compounds served 

higher yields, compared to ortho and meta-substituted ones. Compounds containing 

halogen groups (5b-5g, 10b-10g) evaluated negligible reaction yields according to 

methyl, methoxy or nitrile containing molecules in both  series. With the scores of 84% 

and 72%; compound 5a and 10a were found to have highest reaction yields which they 

have nonsubstituted phenyl piperazine fragments in common. 

After the synthesis of compounds, structure elucidation was characterized by 

different spectral methods. UV spectral data was deteched as strong absorption bands at 

208, 255, 315 nm for compound 5a (Figure 100) and 262 nm for compound 10a (Figure 

101). Observed maximum absorption values refered to n→π* and π→π* transitions of 

aromatic structures in which these results were parallel with other 5-substitutedphenyl-

1,3,4-oxadiazole-2(3H)-thione derivatives which were described in previous researches 

[206-208]. 

 

 

Figure 100. UV spectrum of Compound 5a 
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Figure 101. UV spectrum of Compound 10a 

 

Spesific bond stretchings of salicylic acid  (5a-5o) and ibuprofen (10a-10p) 

derivatives were also checked via FT-IR spectroscopy. Particularly, ring closure of 1,3,4-

oxadiazole-2(3H)-thione was characterized by using IR, within the disappearance of N-

H and emergence of C=N and C=S stretching signals nearly at 3300, 1600-1650 and 

1100-1250 cm-1 respectively. The signals for C-O stretching in range of 1200-1350 cm-1 

were also other confirmation for ring closure. Additionally, thione or thiol tautomers of 

1,3,4-oxadiazole were indicated by weak signals around 1300 or 2600 cm-1 respectively. 

Aromatic C-H stretchings of 5a-5o and 10a-10p were deteched in between 2800-2900 

cm-1 whereas aromatic C=C stretchings were evaluated around 1450 cm-1 in both series. 

Identically, compound 5a-5o presented broad O-H band in range of 3304-3436 cm-1 

depended on hydroxy group of salicylic acid moiety. IR data also indicated loss of N-H 

stretchings at 3300 cm-1 were proposed as the formation of all newly synthesized Mannich 

bases (5a-5o and 10a-10p).  IR data of all compounds were found compatible with 

literature [125]. Representative IR spectrum interpretations were given for the 

compounds 5g in Figure 102 and 10d in Figure 103. 
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Figure 102. IR characterization of Compound 5g 

 

 

Figure 103. IR characterization of Compound 10d  
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To determine the Mannich base formation of 1,3,4-oxadiazoles was easy to 

evaluate by 1H NMR in which spectra signals of all protons related to synthesized 

compounds were found compatible with estimated chemical shift, multiplicity and 

coupling constant values in DMSO-d6.  

 

 

Figure 104. Molecular structure and chemical shifts (ppm) of Compound 5h in 1H NMR 

 

Particularly descriptive singlet signal of methylene protons that found in range of 

4.99-5.10 ppm representing Mannich bases of target compounds (5a-5o, 10a-10p). To 

start with compound 5h (Figure 104) in salicylic acid serie that possess piperazine 

hydrogens demonstrated  broad doublet signals in region of 2.93-2.99 ppm and methylene 

protons formed identical singlet signal at 5.1 ppm. For aromatic hydrogens in 5h; triplet 

signal at 6.98 ppm (J=7.4 Hz) adressed to phenyl H5’; phenyl H4’ showed broad doublet 

signals (J=8 Hz) at 7.05 ppm; phenyl H5 and both of phenyl H6+H6
’ showed multiplet 

signals in range of 7.12-7.16 and 7.27-7.32 ppm, respectively; also other multipled signals 

for phenyl H4 were seemed at 7.43-7.47 ppm and phenyl H3, formed a doublet of doublet 

signal (J=7.6, J’=1.6 Hz) at 7.67 ppm. Hydroxyl hydrogen of salicylic acid moiety 

produced a broad singlet signal at 10.54 ppm. Detailed chemical shift values of compound 

5h were given in below (Figure 105, 106, 107, 108). 
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Figure 105. Hydrogen integrations of Compound 5h in 1H NMR spectra 

 

 

Figure 106. Chemical shift values of Compound 5h in 1H NMR spectra at 2.0-5.0 ppm 

 

 

Figure 107. Chemical shift values of Compound 5h in 1H NMR spectra at 6.5-8.0 ppm 
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Figure 108. Chemical shift values of hydroxyl peak in Compound 5h in 1H NMR spectra at 9.0-11.0 ppm 

 

Proton NMR spectra of ibuprofen derivatives (10a-10p) revealed that alkyl 

hydrogens of ibuprofen moiety were shifted more upfield region than aromatic hydrogen 

signals due to shielded electrons around them (Figure 109). 

 

 

Figure 109. Molecular structure and chemical shifts (ppm) of Compound 10a in 1H NMR 

 

To exemplified, for compound 10a, signals of isobutyl and 1-ethyl hydrogens on 

ibuprofen moiety generated around 0.84-2.41 ppm. In this manner peaks of piperazine 

hydrogens in 10a were visualized at more downfield region of scale about 2.84-3.13 ppm 

as they estimated. Mannich base indicator methylene protons produced an identical 

singlet signal at 5 ppm. 1H NMR scale of compound 10a also served aromatic hydrogen 

signals of ibuprofen revealed  two similar doublet signals at 6.91-7.13 ppm depended on 

para-substituted positions. Piperazine bonded phenyl hydrogens formed a triplet peak for 
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H4’ at 6.77 ppm and multiplet signals for H2’, H3’, H5’, H6’ in range of 7.17-7.21 ppm 

were deeply demonstrated in Figures 110, 111, 112 with signal multiplicities.  

 

 

Figure 110. Hydrogen integrations of Compound 10a in 1H NMR spectra 

 

 

Figure 111. Chemical shift values of Compound 10a in 1H NMR spectra at 0.8-4.0 ppm 

 

 

Figure 112. Chemical shift values of Compound 10a in 1H NMR spectra at 4.0-8.0 ppm 
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Molecular structures of final compounds (5a-5o, 10a-10p) were also supported 

with 13C NMR spectroscopy data. Based on carbon nucleus under the influence of a high 

electronegative environment, aromatic carbons linked from fifth position of 1,3,4-

oxadiazole-2(3H)-thione ring occured at more downfield region in both compound serie. 

Similar basis also explains peak values of thione (C=S) and imine (C=N) groups in which 

they appeared at nearly 177 and 155 ppm. In salicylic acid derivatives (5a-5o), chemical 

shift values of C2 carbon on phenyl ring that was directly linked to hydroxyl group 

occured in range of 155-153 ppm. Other carbons of two phenyl rings were sequenced 

with decreasing values based on their electronic environments. For phenyl piperazine 

moieties of compound 5a-5o; para-substituted derivatives (5b, 5c, 5e, 5i, 5k, 5l) were 

presented two double integrated peaks for their C2’-C6’ and C3’-C5’ atoms.  The situation 

is strongly correlated with same chemical environments of these carbons. Besides double 

integrated peaks of chemically same carbons, compound 5b, 5c and 5d represented 

isotopic peaks due to 13C NMR pulse sequences lack of C-19F decoupling which leads to 

C-F splittings on NMR scale. Therefore, fluoro and trifluoro moieties in compound 5b, 

5c and 5d revealed isotopic peak splittings in their spectrums. Doublet peaks of fluorine 

(19F-NMR active fluorine) were observed at 158.02 and 157.25 ppm in compound 5c 

whereas quartet peaks of trifluoromethyl (C-19F3) group are visualized at 118.39, 118.39, 

117.75, 117.43 ppm in compound 5c depended on “n+1 splitting rule” for 13C NMR 

spectra (Figure 113, 114).  

 

 

 

 Figure 113. 13C NMR spectral data of Compound 5c 
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Figure 114. 13C NMR spectrum of Compound 5c and isotopic splittings of 19F 

 

Also, methylene carbon that combines oxadiazole and piperazine moieties in 

common for both serie was located at nearly 69 ppm. This spesific peak was an evidence 

for Mannich base compounds 5a-5o and 10a-10p were produced succesfully. The carbons 

of piperazine shifted to 44.85-51.65 ppm values on NMR scale and occured generally as 

two triplet peaks depended on same C2-C6 and C3-C5 atoms on the ring.  

All data for the compounds of salicylic acid serie, spesific signals were deteched 

within similar manner for compounds of ibuprofen serie (10a-10p). Thione, imine, 

aromatic and methylene carbons emerged at similar ppm values (Figure 116). For 

compound 10d (Figure 117), 19F-splittings due to trifluoromethyl group are occured via 

a parallel manner as aforementioned for compound 5c and 5d. However there are extra 

carbon shifts which are evaluated in range of 18.47-36.11 ppm, spesifically correspond 

to aliphalic carbons in molecules 10a-10p are described in results part. For all newly 

synthesized original compounds; 13C NMR chemical shift, multiplicity and integration 

values were suitable with literatures [17, 84]. 
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Figure 115. 13C NMR spectral data of Compound 10d 

 

 

Figure 116. 13C NMR spectrum of Compound 10d 

 

 

Figure 117. 13C NMR spectrum of Compound 10d and isotopic splittings of 19F 
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According to mass spectrometry data, fragmentation patterns of 

synthesizedcompounds yielded no molecular ion (M+) peaks under LC-MS method. Even 

though, mass analysis of samples were performed with different device modules (low 

fragmentation-low temperature, low fragmentation-high temperature, high fragmen-

tation-low temperature, high fragmentation-high temperature), none of them provided 

any M+ peaks of tested molecules to evaluate molecular ion peaks of related compound. 

Based on this case, LC/MS spectra of compound 5c and 10a were represented with 

fragmental base peak as in Figure 118 and Figure 119, respectively. Compound 5c 

represented the peak of main fragmentation product at 243 (m/z) and its fragmentation 

pattern was illustrated in Scheme 11.  

 

 

Figure 118. LC-MS fragmentation patterns of Compound 5c 

 

 

Scheme 11. Mass fragmentation of Compound 5c 

 

Mass spectrum of ibuprofen derivatives were exemplified with compound 10a 

(Figure 119). Fragmentation product gave base peak at 261.1 (m/z) which corresponded 

to cationic form of 5-substituted-1,3,4-oxadiazole-2(3H)-thione structure (Scheme 12). 
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Figure 119. LC-MS fragmentation patterns of Compound 10a 

 

 

Scheme 12. Mass fragmentation of Compound 10a 
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5.2. Biological Evaluation  

5.2.1. Cell Viability 

IC50 values of the tested compounds were found safe at 100 µM concentration 

except compound 5g which was safely used at 50 µM for in vitro screening assays. IC50 

value of compound 10g was found as 68.47±1.80 µM (Table 2). Safe doses of compounds 

were determined via cell viabilities which were above 70% in comparison to the LPS (+).  

 

5.2.1. Antiinflammatory Activity 

5.2.1.1. COX-1/COX-2 Inhibition 

Having a developed range of newer 3,5-disubstituted-1,3,4-oxadiazole-2(3H)-

thione analogues of synthesized 5a-5o and 10a-10p compounds were tested for their 

antiinflammatory action with in vitro COX-1/COX-2 inhibition kit assay method. 

As a general manner, all tested compounds were evaluated to inhibit COX-1 more 

selectively than COX-2 enzyme. Especially ibuprofen derived compound 10b which 

contains 4-fluorophenyl moiety displayed higher activity than other compounds with 76% 

for COX-1inhibition. Moreover, molecules 5a, 5e, 5i, 5k, 5n, 10b, 10e and 10h showed 

more than 50% COX-1 inhibitor response. Therefore a glance from Table 3, COX-1 

inhibitor potentials of synthesized compounds contributed to make variety of assessments 

about the relationship between molecular structure-enzyme combinations. 

Particularly, COX-1 enzyme inhibition response of 10b was directly correlated 

with hydrophobic interactions of ibuprofen moiety on fifth position of 1,3,4-oxadiazole 

ring and physicochemical advantages of fluoro phenyl fragment contributes COX-1 

inhibition response [209-212]. Close inspection of experimental data revealed that 

however compound 5b contains the same 4-fluorophenyl fragment like in 10b, weakened 

hydrophobic interactions due to salicylic acid moiety in 5b might explained the decreased 

level of COX-1 inhibition [107]. It is easy to understand that third and fifth positions of 

1,3,4-oxadiazole ring represent important roles for COX-1 enzyme responses. For 

example, electron-donating groups like methyl (5i) and methoxy (5k) substituted 

molecules in salicylic acid serie showed higher inhibitor potential between the 

compounds 5a-5o whereas in ibuprofen serie, this response was provided just by electron-

withdrawing (halogen) possessed compounds like 10b, 10e and 10h. As depicted in Table 
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3, inserting electron-withdrawing groups to phenyl piperazine moiety (5a) in salicylic 

acid serie, forms compounds 5b (4-fluoro), 5c (4-trifluoromethyl), 5d (3-trifluoromethyl), 

5e (4-chloro), 5f (2-chloro), 5g (3,4-chloro), 5h (2,3-chloro), 5i (4-cyano), 5m (2-cyano) 

and these fragments led to decrease COX-1 inhibitor score according to compound 5a 

and this condition might be explained via lowered electron density of molecules. Also 

salicylic acid moiety probably be other major cause for the suppression of electrons on 

molecule depended on inductive effect of hydroxyl, so COX-1inhibitory responses of 

these compounds became reduced with the same manner [107]. For the analogues of 10a-

10p; compared to nonsubstituted phenyl containing derivative (10a), insertion of halogen 

substitutions on phenyl (10b, 10c,10d, 10e, 10f, 10g, 10h) obviously increased COX-1 

inhibition whereas methyl (10i) and different substituted methoxy (10l, 10m, 10n) 

fragments caused  opposite responses. Besides high level hydrophobic bonding capacity 

of ibuprofen moiety, elecron donating groups in 10i, 10l, 10m and 10l might be the reason 

of exceeding ideal hydrophobic interaction border with target enzyme (COX-1) [107]. 

Bioisosteric replacement of phenyl (5a, 10a) to pyridyl  (5n, 10p) referred to 

enhancement of inhibitor activity for both compound series [213]. Particularly in 

ibuprofen serie, substituting fluorine or chlorine atom(s) displayed more COX-1 inhibitor 

effect due to chemical advantages of halogen atoms like electron density and less stearic 

issue properties. Also presence of halogen bond serves crucial roles for the activity [107].   

An overview of the screening results represent the fact that substituents on phenyl 

ring located at para position refers higher COX-1 inhibition scores in general. 

Surprisingly COX-1 inhibition scores of methoxy-containing compounds 10k, 10l and 

10m which are substituted from para, meta and ortho positions on phenyl ring 

respectively resulted that ortho substituted molecule (10m) showed more activity against 

COX-1 enzyme compared to para (10k) and meta (10l) analogues.  

According to our results, these findings are totally correlated with previous 

researches that explains selective COX-1 inhibition-molecular structure relationship 

within in vitro and in silico studies [213]. Common point for all those studies was that 

specific electron-donating or withdrawing groups play a major role for COX-1 enzyme 

inhibition. Meanwhile our novel compound series 5a-5o and 10a-10p presented moderate 

COX-1 selective inhibitor potential. Especially halogen containing 5e (4-chloro), 10b (4-
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fluoro), 10e (4-chloro) and 10h (2,3-dichloro); electron-donor containing 5i (4-methyl) 

and 5k (4-methoxy) compounds emerged more that 50% inhibition.  

 

5.2.1.2. NO Inhibition 

 Macrophages show significant roles in inflammation due to the formation of 

variety proinflammatory molecules, including nitric oxide (NO). Production of excess 

NO has been related with several inflammatory diseases like atherosclerosis, ischemic 

reperfusion, hypertension and septic shock [214, 215]. Recent studies have demonstrated 

that 1,3,4-oxadiazole containing compounds effectively inhibit inflammatory processes 

by affecting different molecular targets in which one of them is NO [216, 217]. It is one 

of a key molecular signal constituent found in inflammatory responses and evaluation of 

nitrit level is significant approach for inflammatory processes. In this study to detect the 

antiinflammatory effect of synthesized compounds, LPS-induced NO production was 

applied with Griess assay method. All compounds and indomethacin were tested at 100 

µM doses whereas 5g and 10g were applied at 50 µM due to their nontoxic cytotoxic 

concentrations. Results were summarized in Table 4 and all tested compounds were 

seemed to able to reduce LPS-induced nitrit levels except 10k (Figure 120). Particularly 

compounds 10d (supressed nitrit level= 13.16±4.84 µM) exhibited excellent nitrite-

suppressor activity compared to indomethacin  (supressed nitrit level = 24.46±1.80 µM). 

Besides 10d; 10e, 10g, 10h, 10i and 5h also showed more reducer effect than 

indomethacin.  

 

One-way ANOVA, followed by the post-hoc tests by Tukey. The significant differences between groups 

and control (LPS) were defined with * at p<0.05, ** at p<0.01, *** at p<0.001 and **** at p<0.0001. 

Figure 120. Effect of compounds 5a-5o and 10a-10p on nitrite levels in LPS-stimulated RAW 264.7 cells. 
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Molecular structure-biologic response correlation of these active compounds 

clearly revealed that halogen fragments have significant role for NO suppressing. 

Especially 3-trifluoromethyl in 10d and 2,3-dichloro in 5h and 10h derivatives 

demonstrate the importance of halogen atom to obtain desired responce. This relationship 

was also experienced by Leong and coworkers in 2014. According to their compound 

model, particularly 2,3-dichloro possesing molecule served highest NO-suppressor effect 

in which this response strongly support our consequences [218]. 

 Nitrite level inhibition results also showed that ibuprofen derivatives (10a-10p) 

were more active than salicylic acid series (5a-5o). Especially compound 10d and 10h 

represented noticeable reducer effect compared to indomethacin. In this part of study, 

previous researches forced us to correlate the lipophilic properties of compounds and their 

NO-suppressor responce relationships. In 2005, Erdal and researchers focused on 

modelling of compounds to develop a selective inhibitor of NOS enzymes. They 

evaluated that to generate a potent and selective inhibitor, lipophilic character of 

compounds should be developed first with related molecular modulations [219]. With the 

same logic, Levesque and researchers in 2008, mentioned the crucial role of lipophilicity 

for inhibition of NO-producer NOS enzymes [220]. And in 2009, Haitao and coworkers 

were supported the concept of improved lipophilicity effect on NO suppression. They 

also contributed the data of halogen advantages for NO-suppressing activity [221]. 

Therefore it is meaningful to compare nitrite level responses and calculated logP (clogP) 

values of all synthesized compounds in this study.  

In order to look into lipophilicity effect of these compounds on NO-inhibitor 

response, clogP values were calculated with lipophilicity module of ACD/ChemSketch 

program. As previous studied mentioned, lipophilicity parameter of compounds is a 

sensitive indicator of nitrite-suppressor effect. As shown in Table 8, depended on clogP 

values (lipophilicity degrees) of synthesized compounds, their NO responses were found 

as majorily compatible. In a general aspect, based on higher clogP values of ibuprofen 

series (10a-10p) than salicylic acid series (5a-5o), their superior nitrit-supressor results 

were obviously supported. Also in both set of compounds, halogenated derivatives were 

seemed to have more lipophilic properties (higher clogP values) in which this situation 

revealed to elevated level of their NO inhibitor effect. Particularly, 3-trifluoromethyl 

(10d) and 2,3-dichloro (10h) substituted derivatives were found as strong examples to 

support this approach. Although based on the clogP score, compound 10g was expected 
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to reduce the nitrite level more than compound 10d but it could not, possibly associated 

with safe dose of 10g which leads to its study at a lower concentration (50 µM). 

 

Table 8. Nitrit level (µM) and clogP values of synthesized compounds 5a-5o and 10a-10p 

Salicylic acid derivatives 

(5a-5o) 

 Ibuprofen derivatives 

(10a-10p) 

Compound 
Nitrite level 

(µM) 
clogP Compound 

Nitrite level 

(µM) 
clogP 

5a 30.32±3.23 2.11±0.99 10a 29.91±4.25 5.09±0.71 

5b 28.93±5.66 2.20±1.27 10b 30.52±6.70 5.18±1.06 

5c 28.44±4.14 3.36±1.02 10c 29.49±5.20 5.45±0.77 

5d 27.47±3.99 3.43±1.02 10d 13.16±4.84 6.41±0.75 

5e 27.33±3.51 2.84±1.03 10e 23.77±5.55 5.82±0.76 

5f 27.74±4.02 3.07±1.00 10f 34.38±6.06 6.04±0.73 

5g 30.54±4.91 3.67±1.04 10g 23.02±1.51 6.65±0.77 

5h 20.75±4.40 3.90±1.01 10h 14.51±0.13 6.87±0.74 

5i 30.18±1.69 2.57±0.99 10i 24.02±3.90 5.55±0.72 

5j 31.74±3.37 3.03±1.00 10j 28.16±2.93 6.01±0.72 

5k 31.95±2.29 3.03±1.00 10k 44.49±7.85 4.89±0.72 

5l 28.93±2.64 1.99±1.04 10l 32.81±7.67 4.99±0.84 

5m 26.13±3.00 1.55±1.23 10m 32.73±6.35 5.10±0.74 

5n 29.29±2.05 1.19±1.00 10n 37.23±3.38 4.97±0.78 

5o 35.73±2.33 1.39±0.99 10o 37.09±7.69 4.53±1.02 

   10p 27.96±4.83 4.17±0.73 

Indomethacin 24.46±1.80 4.27 

Calculated logP (clogP) values of compounds were obtained with ACD/ChemSketch program in which 

LogP predictions are used as input variables in many of PhysChem and ADME prediction algorithms. 

 

To find out the linearity of relationship between nitrite level-clogP scores; Pearson 

correlation coefficient (r) was preferred in which this method is used to determine the  

association between two continuous variables. To describe the correlation strength of 

these variants, , r value is scored in between +1 or -1. Achieving scores in +1 or -1 means 

that all data points are included on the line of best fit – there are no data points that show 

any variation away from this line [222, 223]. Depended on this origin, base plot 

distributions were represented in Figure 121-124, considering nitrite level and clogP 

values of compounds on x- and y-axis, respectively. According to consequences, nitrit 
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level-clogP association of all tested compounds including indomethacin was found in 

weak correlation with r= -0.275 and p>0.05 values in which related plots of measured 

compounds were seemed entirely distributed on correlation graph (Figure 121).  As 

experienced by Levesque and coworkers, this misleaded case was solved by dividing the 

data sets based on their derivative types and so, r scores of salicylic acid -0.475 (Figure 

122) and ibuprofen compounds -0.703 (Figure 123) demonstrated that ibuprofen 

derivatives had better nitrite level-clogP correlation than salicylic acid compounds [220]. 

Representing significant correlation value (p<0.01**) was also another evidence for good 

nitrite level-clogP relationship of ibuprofen compounds (10a-10p). Depending on this 

manner, weak correlation response of all tested compound possesing indomethacin was 

thought as because of inaccurant correlation effect of salicylic acid serie (5a-5o). 

Furthermore, active nitrite-reducer compounds (5d, 5e, 5f, 5h, 5m, 10d, 10e, 10g, 10h, 

10i, 10j, 10p) with reference indomethacin and their clogP scores were also measured 

and obtained results (r= -0.593, p<0.05*) were found in desired range (Figure 124). 

Additionally, negative relationship between nitrite level and clogP values was evaluated 

from negative correlation graphs (Figure 121-124) for all data sets as we estimated.  

 

 

Figure 121. clogP-nitrite level distribution of salicylic acid, ibuprofen derivatives and indomethacin  

(r= -0.275, p>0.05) 
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Figure 122. clogP-nitrite level distribution of salicylic acid derivatives (r= -0.475, p>0.05) 

 

 

Figure 123. clogP-nitrite level distribution of ibuprofen derivatives (r= -0.703, p<0.01**) 

  

 

Figure 124. clogP-nitrite level distribution of active nitrit-supressor compounds and indomethacin  

(r= -0.593, p<0.05*) 
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5.2.1.3. Prostaglandin E2 (PGE2) inhibition 

Nitric oxide (NO) which is metabolic product of NOS, interacts with inducible 

COX in pathologic conditions and enhances the formation of PGE2 prostanoid [224]. 

PGE2 is involved in many processes leading to the general symptoms of inflammation: 

redness, swelling and pain. Redness and edema emerge from increased blood flow into 

the inflamed tissue depend on PGE2-mediated arterial dilatation and increased 

microvascular permeability. This means PGE2 inhibition plays another crucial role in 

removal of inflammation, thus eventually contributing to tissue remodeling [225, 226]. 

Depended on the cooperation between NO and PGE2, synthesized compounds were 

chosen based on their nitrite-suppression potentials and studied futher for PGE2 

responses. LPS-induced PGE2 levels in macrophage RAW 264.7 cells of synthesized 

compounds were tested at 100 µM doses (except 10g-50 µM) according to indomethacin 

(100 µM) and results clearly revealed that PGE2-supression scores of the tested 

compounds which are also able to reduce nitrite levels (5d, 5e, 5f, 5h, 5m, 10d, 10e, 10g, 

10h, 10i, 10j, 10p) were found in moderate to good values according to indomethacin 

except 5i (Table 5). Especially compound 5h was seemed to the most active compound 

in lowering the LPS-induced PGE2 level. Compound 10h was found as the second potent 

PGE2-supressor sample in which both of compound 5h and 10h have 2,3-dichlorophenyl 

moieties in common. According to previous studies, dichlorophenyl fragment was 

evaluated as to reduce the PGE2 level as the same with our consequences [227].  

 

 

One-way ANOVA, followed by the post-hoc tests by Tukey. The significant differences between groups 

and control (LPS) were defined with * at p<0.05, ** at p<0.01, *** at p<0.001 and **** at p<0.0001. 

Figure 125. PGE2-supressor effects of tested compounds in LPS-stimulated RAW 264.7 macrophage cells. 
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In our study, compounds 5a-5o and 10a-10p were evaluated for their 

antiinflammatory properties [213, 214]. In this regard, compounds were used to 

investigate whether the NO-inhibitory compounds also interfere with production of PGE2. 

Effects of tested compounds on NO and PGE2 production were compared with effects of 

indomethacin that is recognized as therapeutically used for inhibition of inflammatory 

mediators. Overall, some of studied compounds were found as structure-dependent 

inhibitors of NO and PGE2 production. On the other hand, the relationship between COX-

1 and PGE2 inhibition was also studied in which compounds that have more than 50% 

inhibition potential on COX-1 enzyme and having weak nitrit-reducer property (5k, 5n, 

10b) were applied for PGE2 assay. According to test results, it was difficult to set a 

definite correlation between COX-1 and PGE2 responses as experienced by Brenneis and 

coworkers [228]. This phenomenon was supported within the cases that strong COX-1 

inhibitor 10b responsed weak for PGE2 inhibition whereas compound 5k and 5n were 

seemed to moderately reduce PGE2 level as depicted in Figure 125. Particularly according 

to LPS-induced NO and PGE2 level scores of compound 10h that contain 2,3-

dichlorophenyl piperazine moiety showed best supressor effect on NO and PGE2 levels 

in which same compound showed moderate inhibitor potential on COX-1 enzyme. 

Consequently, compound 10h which have dual inhibitor property of NO and PGE2 

production may decrease severity of inflammation and thus deserve further preclinical 

studies. 

In the process of inflammatory situations, leukocytes and mast cells are activated in 

damaged regions which directed to a “respiratory burst” as a result of enhanced oxygen 

uptake, therefore production and secretion of reactive oxygen species (ROS) might induce 

at probable inflammatory site [229, 230]. In order to balance the level of these free 

radicals in the body, natural antioxidant defense mechanism should be activated. 

Otherwise disturbance of this equilibrum causes oxidative stress and numerous diseases 

like diabetes, cardiovascular diseases, inflammation, cancer, degenerative diseases, 

ischemia, and anemia [231, 232]. In order to compansate insufficient activity of 

antioxidant mechanism, compounds 5a-5o and 10a-10p were evaluated in vitro by α, α-

diphenyl-β-picrylhydrazyl (DPPH) assay to determine their antioxidant properties in 

comparison with ascorbic acid at 100µM dosage (except 5g and 10g). According to DPPH 

radical scavenging assay, majority of compounds revealed higher potential than ascorbic 

acid. Average antioxidant potentials of each series represented that salicylic acid 
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derivatives (5a-5o) showed more radical scavenger effect compared to ibuprofen 

derivatives (10a-10p). This situation may be associated with structural advantages of 

salicylic acid derivatives. Based on the assay mechanism, stable DPPH radical was able 

to take hydrogen atom from hydroxyl group on phenyl ring and reduced itself  [197]. 

Compounds 5b, 5c, 5d, 5l that include 4-fluoro, 4-trifluoromethyl, 3-trifluoromethyl and 

4-cyano groups linked to phenyl respectively, served the most antioxidant potencies 

according to reference compound. Furthermore para-substituted electron-withdrawing 

(5b, 5c, 5e, 5l) or donating (5i) groups revealed higher scores compared to related ortho 

or meta-substituted analogues (5d, 5f, 5h, 5j, 5m) in salicylic acid series. DPPH 

scavencing potency of phenyl in compound 5a became higher when it shifted with pyridyl 

in compound 5n. In ibuprofen serie, compounds scavenger property scores were not 

suitable to classified them according to molecular structures. But interesting point was, 

meta substituted compounds 10d and 10l represented highest antioxidant properties in 

this serie. Ortho-substituted compounds 10c, 10f and 10l decreased activity according to 

their para-substituted analogues whereas 10k seemed to increase. As a general idea 

related to ibuprofen derivates; scavenger responses were viewed as to emerge by an 

independent mechanism of different substituents on phenyl piperazine moieties even if 

these groups are able to change electron densities of molecules or their binding models to 

desired targets. To exemplify, while compounds 10b and 10c (fluoro-containing) 

presented severe potential, interestingly compounds 10l and 10m also evaluated similar 

potenties in which they have conversely electron-donating methoxy groups. All of the 

synthesized compounds have higher scores than ascorbic acid at 100 µM except 10k 

depended on their nontoxic doses as tabulated in Table 6. 

 

5.3. Docking Studies 

5.3.1. Docking Studies on COX-1 Enzyme 

Binding to COX-1 enzyme generally occurs by interaction with Arg120, Tyr355 

and catalytic Tyr385 residues. The conformer with lowest docking score and most stable 

binding pose (-7.715, rmsd: 0.210) made π-π interaction with Tyr355 from isoxazole ring 

re-docking studies performed on the cocrystallized ligand in X-ray data of 5U6X [199]. 

Compound also makes halogen bond with the Arg120 residue known to be crucial for 

COX-1 binding.  
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Figure 126. X-ray structure of COX-1 (PDB ID: 5U6X) with the co-crystallized ligand and the generated 

conformer  

 

Docking studies on the COX-1 enzyme has shown that S isomer of compound 10b 

(docking score: -8.695) can make two H-bonds with Arg120 in addition to the π-π 

interaction with Tyr355 from oxadiazole ring, which may explain its high inhibition 

observed by in vitro studies. The active compound could also interact with the Trp387 by 

π-π interactions from 4-fluorophenyl group. 

 

 

Figure 127. Docking pose of 10b (PDB ID: 5U6X) 

  

Compound 10b was also analyzed for the effect of chirality on COX-1 binding. 

Docking studies revealed that R isomer of the compound can make an additional π-cation 

interaction with Arg 120. However, the docking score becomes higher (-8.386) due to 

one less H-bond between oxadiazole and the arginine residue. 
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Figure 128. Docking poses of 10b-S (cyan) and 10b-R (violet) (PDB ID: 5U6X) 

 

5.3.2. Docking Studies on COX-2 Enzyme 

Mutation studies proved that interaction with Arg120 is not as crucial for binding 

to COX-2 enzyme as COX-1 [233]. The conformer with lowest docking score and most 

stable binding pose (-10.165, rmsd: 0.738) made H-bonds with Tyr385 and Ser530 

through free carboxylate group within the re-docking studies performed on the 

cocrystallized ligand in X-ray data of 5IKT [200].  

 

 

Figure 129. X-ray structure of COX-2 (PDB ID: 5IKT) with the co-crystallized ligand and the generated 

conformer  
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Docking studies on the COX-2 enzyme has shown that S isomer of compound 10b 

(docking score: -8.006) cannot interact with Tyr385 or Ser530 which may explain its 

selective inhibition against COX-1 enzyme observed by in vitro studies. However, 

compound can make a π-cation interaction with Arg120 in addition to the π-π interaction 

with Tyr355 from oxadiazole ring. Further analysis of compound 10b for the effect of 

chirality on COX-2 binding revealed that both enantiomers can interact with the receptor 

in a similar manner.  

 

Figure 130. Docking pose of 10b (PDB ID: 5IKT) 

  

 

 

Figure 131. Docking poses of 10b-S (cyan) and 10b-R (violet) (PDB ID: 5IKT) 
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