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ABSTRACT 

Attar, A.O. (2023). Synthesis and activity studies of 4- hydroxyacetophenone-

piperazine Mannich bases. Yeditepe University Institute of Health Sciences, 

Department of Pharmaceutical Chemistry, M.Sc. Thesis, Istanbul. 

In this study, ten novel compounds having 1-[4-hydroxy-3-[(substituted-1-

piperazinyl)methyl]phenyl]ethanone backbone were prepared by  Mannich reaction using 

conventional and microwave assisted synthesis methods. To obtain the target compounds 

in conventional method a mixture of 4-hydroxyacetophenone, formaldehyde and suitable 

piperazine derivative were reacted in methanol for 48 hours under reflux at 65 °C. For the 

microwave assisted synthesis a mixture of 4-hydroxyacetophenone, formaldehyde and 

suitable piperazine derivative were reacted in 1,4-dioxane for 30 minutes at 120 °C. A 

comparison between the two methods were carried out yield wise. 

Structure elucidation of the synthesized compounds were confirmed by IR, 1H-

NMR, 13C-NMR, and elemental analysis. The cytotoxicity of the compounds was 

examined against human breast cancer cell line (MCF-7) by MTT assay. 

According to the activity data, compounds 4 and 7 had the highest cytotoxic effect. 

 

Keywords: Cytotoxicity, piperazine, 4-hydroxyacetophenone, Mannich base, 

microwave. 
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Table 1.1.  Structures of the synthesized compounds. 

 

 

 

 

 

 

       Compound Yield (%)  

M.P. (°C) 
No.    R Conventional Microwave 

1 Allyl 19 72 N/A 

2 Phenylethyl 26 36 116.1 

3 2-Fluorophenyl 21 24 115.6 

4 4-Methoxyphenyl 23 33 130 

5 Furoyl 21 43 120 

6 Benzoyl 15 24 128 

7 Cyclohexyl 27 33 110.4 

8 2-Methylphenyl 22 25 126.2 

9 4-Methylphenyl 29 32 143 

10 3-Chlorophenyl 13 30 138.1 



 

xviii 

 

ÖZET 

Attar, A.O. (2023). 4- Hidroksiasetofenon-piperazin Mannich bazlarının 

sentez ve aktivite çalışmaları. Yeditepe Üniversitesi Sağlık Bilimleri Enstitüsü, 

Farmasötik Kimya Anabilim Dalı, Yüksek Lisans Tezi, İstanbul. 

Bu çalışmada, 1-[4-hidroksi-3-[(sübstitüe-1-piperazinil)metil]fenil]etanon 

iskeletine sahip on yeni bileşik, geleneksel ve mikrodalga destekli sentez yöntemleri 

kullanılarak Mannich reaksiyonu ile hazırlanmıştır. Geleneksel yöntemde hedef 

bileşikleri elde etmek için 4-hidroksiasetofenon, formaldehit ve uygun piperazin türevi 

karışımı 65 °C'de geri akış altında 48 saat boyunca metanol içinde reaksiyona 

sokulmuştur. Mikrodalga destekli sentez için 4-hidroksiasetofenon, formaldehit ve uygun 

piperazin türevi karışımı 1,4-dioksan içinde 120 °C'de 30 dakika reaksiyona sokulmuştur. 

İki yöntem arasında verim açısından bir karşılaştırma yapılmıştır. 

Sentezlenen bileşiklerin yapıları IR, 1H-NMR, 13C-NMR ve element analizi ile 

doğrulanmıştır. Bileşiklerin sitotoksisiteleri insan meme kanseri hücre hattı MCF-7'ye 

karşı MTT deneyi ile incelenmiştir. Aktivite verilerine göre, 4 ve 7 numaralı bileşikler en 

yüksek sitotoksik etkiye sahiptirler. 

Anahtar Kelimeler: Sitotoksisite, piperazin, 4-hidroksiasetofenon, Mannich 

bazı, mikrodalga. 
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Tablo 1.1.  Sentezlenen bileşiklerin yapıları. 

 

 

 

 

 

 

        Bileşik Verim (%)  

E.D. (°C) 
No.    R Konvansiyonel Mikrodalga 

1 Allyl 19 72 N/A 

2 Phenylethyl 26 36 116.1 

3 2-Fluorophenyl 21 24 115.6 

4 4-Methoxyphenyl 23 33 130 

5 Furoyl 21 43 120 

6 Benzoyl 15 24 128 

7 Cyclohexyl 27 33 110.4 

8 2-Methylphenyl 22 25 126.2 

9 4-Methylphenyl 29 32 143 

10 3-Chlorophenyl 13 30 138.1 
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1. INTRODUCTION 

Cancer is a major concern and a significant barrier to raising life expectancy 

globally [1]. Moreover, as elder people are more vulnerable to cancer and the aging of 

population carries on, cancer is predicted to become the main death cause in most 

countries. Despite recent advancements in curing cancer, conventional cytotoxic 

treatments including radiotherapy and chemotherapy have a number of drawbacks which 

may result in cancer relapse, therapy failure due to drug resistance, and unpleasant side 

effects [2]. Therefore, efforts to find new anticancer agents are needed. 

Acetophenone is a major synthon in many organic reactions. Numerous 

heterocyclic compounds can be prepared by utilizing this synthon. Biological activities 

of many compounds bearing acetophenone were investigated [3], and the findings 

indicated that these compounds have a broad spectrum of biological activities such as: 

anticancer [4], antibacterial [5], antifungal [6], antioxidant [7], anticonvulsant [8], and 

anti-inflammatory [9].  

Several studies reported that compounds bearing 4-hydroxyacetophenone in their 

chemical structures have anticancer activity. Compounds shown below were found to 

have cytotoxic activity against breast (T47D) and colon (WiDr) cancer cell lines [10].  

                  

                        R1= H, OCH3; R2= OCH3, Cl; R3= H, OH 

       Figure 1.1. Cytotoxic 4-hydroxyacetophenones.      

Piperazine is ranked third in popularity among N-heterocycles used in bioactive 

molecules. The piperazine scaffold is considered a remarkable structural component in 

drug synthesis and therapeutic development, that keeps on having an increased attention 

in many drug structures, since it can provide a relative structural rigidity, large polar 

surface area, and more hydrogen bond acceptors and donors that may result in improved 



 

2 

 

target affinities and specificities [11]. Drugs containing piperazine moiety were found to 

have many therapeutic uses such as: anticancer [12], antimicrobial [13], anti-

inflammatory [14], antidepressant [15], and antihistaminic [16]. 

El-Abadelah et al. reported the cytotoxic activity of amidrazones carrying 

piperazine motif. The compound below showed potent activity against MCF-7 with IC50 

value of 7.26 µM, and 9.91 µM against leukemia cell lines (K-562) [17]. 

S

O

OCH3

NH

N

N

CH3

O

N H

 

Figure 1.2. Cytotoxic amidrazones with piperazine. 

Thuy et al. prepared novel Mannich bases bearing 4-hydroxyacetophenone and 

piperazine in their structures. The cytotoxicity of those compounds was examined against 

several cell lines. Compound a exhibited significant activity against human lung cancer 

cell lines (SK-LU-1) and, human hepatoma cell lines (HepG2) having IC50 values of 3.72 

µg/mL, and 3.16 µg/mL, respectively [18].  

 

Figure 1.3. Compound a. 

In view of these studies, we aimed to synthesize and purify novel Mannich bases 

bearing 4-hydroxyacetophenone and piperazine as a backbone of their chemical structures 

and study their cytotoxic activities against breast cancer cell line (MCF-7). In addition, a 
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comparison was carried out between conventional and microwave methods regarding the 

reaction conditions and yields obtained. 
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2. GENERAL DESCRIPTION 

2.1. Acetophenone 

Acetophenone is a ketone which has both an aromatic and aliphatic moiety. It’s 

considered the simplest aromatic ketone [19]. The molecular formula of acetophenone is 

C6H5COCH3. 

 

Figure 2.1. Structure of acetophenone. 

2.1.1 Method of Synthesis 

Acetophenone can be synthesized through Friedel-Crafts reaction of benzene with 

acetyl chloride by utilizing AlCl3 as a Lewis acid catalyst [20]. 

 

Acetophenone can also be prepared from the thermal decomposition of cumene 

hydroperoxide (above 90°C), in the presence of acid [21]. 

CH3

O

CH3

OH

H+

Thermal decompostion

CH3

O

+

CH2CH3

+

CH3CH3

OH

+ CH
3
OH
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Another approach to obtain acetophenone in acceptable yield is by the oxidation 

of ethylbenzene using hydrogen peroxide in the presence of Cu/Wo3 as metallic catalyst 

[22]. 

 

The reaction of aryl triflates  with a mixture of SnMe4, Pd (0), CO (balloon), and  

Et3N in DMF at 60°C [23]. 

 

Acetophenone is also prepared from Palladium-catalyzed oxidation of styrene 

(Wacker reaction) in the presence of ionic liquids using hydrogen peroxide [24]. 

 

Phenyl acetate is subjected to Fries rearrangement to obtain a mixture of p-

hydroxyacetophenone and o-hydroxyacetophenone in the presence of AlCl3 and HCl. The 

o-hydroxyacetophenone can be separated from the mixture by steam distillation after 

adding a little amount of distilled water, then the p-hydroxyacetophenone can be washed 

and crystallized [25]. 
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2.1.2. Spectral Properties of Acetophenone 

2.1.2.1. UV Spectroscopy 

Three absorption bands can be observed on the UV spectrum of acetophenone at 

wave lengths 193 nm, 207 nm, and 243 nm [26].  

2.1.2.2. IR Spectroscopy 

The C-H band of IR spectra of acetophenone shows approximately at 3040 cm-1. 

The carbonyl C=O stretching band is seen at 1686 cm-1 [27]. 

2.1.2.3. 1H-NMR Spectroscopy 

Signals at 2.567 (-CH3), 7.552, 7.69, and 7.994 (phenyl) ppm are visible in the 1H-

NMR spectra of acetophenone in deuterated water (D2O) [28]. 

2.1.2.4. 13C-NMR Spectroscopy 

Five different signals can be detected in the 13C-NMR spectra of acetophenone at 

26.47 (-CH3), 128.56, 133.04, 137.23, and 200.7 ppm in deuterated water (D2O). The 

signal at 200.7 ppm is resulted from the carbonyl bond [28]. 

2.1.3. Biological Properties of Acetophenone 

The structure of acetophenone attracted many studies in the last decades, since it 

can be employed in the synthesis of various compounds, which were found to have 
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numerous biological activities such as: anticancer [4], antibacterial [5], antifungal [6], 

antioxidant [7], anticonvulsant [8], and anti-inflammatory [9]. 

2.1.3.1. Anticancer Activity 

3,3’-Ethylimino bis(1-phenyl-1-propanone) hydrochloride was found to have 

cytotoxic activity against Jurkat cells with LC50= 3.09 µg/mL compared to 4.32 µg/mL 

for the 5-fluorouracil (5-FU), which makes it more potent than the reference compound 

by 1.40-fold [29]. 

 

Hydrazones of mono Mannich bases carrying acetophenone synthon in their 

structures were synthesized and their cytotoxicity were examined against Jurkat cells by 

Kazaz et al. The results showed that these compounds had superior cytotoxic effect 

compared to the reference drug 5-FU [30]. 

 

R= C6H5, 4-CH3C6H4, 4-CH3OC6H4, 4-HOC6H4, 4-ClC6H4, 3-CH3OC6H4 

4-FC6H4, 4-BrC6H4, 3-HOC6H4, C4H3S (2-yl) 

Gul et al. tested the cytotoxicity of several mono Mannich bases bearing 

acetophenone nucleus by brine shrimp bioassay. The cytotoxic activity of the compound 

below was found to be more potent than 5-fluorouracil [31]. 
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An acetophenone derivative obtained from Euphorbia ebracteolata Hayata 

exhibited selective cytotoxicity against human HeLa cells [32]. 

 

2.1.3.2. Antimicrobial Activity 

Bonifait et al. reported that compound 2′,6′-dihydroxy-4′-

geranyloxyacetophenone has good antimicrobial activity against some Gram-negative 

bacteria (Prevotella intermedia, Porphyromonas gingivalis), Gram-positive bacteria 

(Streptococcus mutans, Streptococcus sobrinus), and Candida albicans [33]. 

 

R= Geranyl 

Compound below is an acetophenone derivative obtained from Helichrysum 

species. Its antimicrobial activity was good against Gram-negative bacteria (Escherichia 

coli), in addition it exhibited antifungal activity against Penicillium sp., Cladosporium 

herbarum and Phythophtora capsicii [34]. 
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p-Substituted acetophenone derivatives have been reported by Rajabi et al. for 

their moderate growth inhibitory against mycobacteria at 246 µM [35]. 

CH3

O

R  

R= C6H11, C5H10N 

2.1.3.3. Anticonvulsant Activity 

Sameem et al. prepared a set of 4-(3-chlorophenyl)-1-(substituted acetophenone) 

semicarbazones and reported their anticonvulsant effect [36]. 

 

R= 4-F, 2-Cl 

2.1.3.4. Other Activities 

Acetophenone semicarbazone was found to have potent anti-inflammatory and 

analgesic activities [37]. 
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2.2. Piperazine 

Piperazine is a six membered ring heterocyclic compound with its nitrogen atoms 

at 1,4 positions of the ring [11]. 

 

Figure 2.2. Structure of piperazine. 

2.2.1. Methods of Synthesis 

Piperazine was first obtained by the reaction of alcoholic ammonia and ethylene 

chloride [38]. 

 

Piperazine can be obtained after the cyclodehydration of N-(2-

hydroxyethyl)ethenediamine under high temperatures (200- 300 °C) by utilizing Raney 

nickel as a catalyst. [39]. 

 

 

Heating diethylenetriamine by autoclave in the presence of Raney nickel can lead 

to high yields of piperazine [39,40]. 
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Piperazine is prepared from the reaction of ethanolamine and ammonium chloride 

at high temperature (250°C) [41]. 

 

Piperazine can be obtained after heating two moles of 2-aminoethanol at 150-

220°C under high pressure in the presence of ammonia [42]. 

 

The reaction of ethylenediamine and oxirane can be utilized to synthesize 

piperazine [42]. 

 

2.2.2. Spectral Properties of Piperazine 

2.2.2.1. UV Spectroscopy 

Max absorption band can be observed on the UV spectra of piperazine at 196 nm 

(Log E= 3.7) [43].  
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2.2.2.2. IR Spectroscopy 

At 3250 cm-1,  piperazine IR spectrum exhibits sharp singlet N-H stretching bands, 

and the stretching bands of alicyclic C-H show between 2950-2700 cm-1 [44].  

2.2.2.3 1H-NMR Spectroscopy 

Piperazine 1H-NMR spectrum exhibits signal at 2.84 ppm in deuterium 

chloroform [42]. 

2.2.2.4. 13C-NMR Spectroscopy 

Piperazine signals are shown at 47.9 ppm in deuterium chloroform on the 13C-

NMR spectra [42]. 

2.2.2.5. Mass Spectroscopy 

Piperazine.6H2O shows four m/z values in the mass spectrum. These values are: 

86, 56, 44, and 30. Base peak is the m/z= 40 that corresponds to the fraction of 

NHCH2CH2
+ [45]. 

2.2.3. Biological Properties of Piperazine 

Piperazine was initially utilized as antihelmintics drug. However, drugs 

containing piperazine derivatives were not limited to the anthelmintics uses, as numerous 

studies reported the wide range of biological applications of piperazine in other 

therapeutic areas [46] such as: antihistamines (hydoxyzine) [47], antibacterial 

(ciprofloxacin) [48-52], anticancer (imatinib) [53], and antifungal (itraconazole) [54].  

2.2.3.1. Anticancer Activity 

Several anticancer medications that have received FDA approval containing the 

piperazine ring include: abemaciclib which is used to treat different cancer types through 

the inhibition of D-cyclin dependent kinase (CDK4/6), imatinib inhibits protein kinase, 
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olaparib is used in breast and ovarian cancer therapy, and rociletinib is considered a potent 

inhibitor of EGFR and is effective against non-small-cell lung cancer [17]. 

 

Imatinib                                                                            Olaparib 

 

   Rociletinib                                                                                     Abemaciclib 

Figure 2.3. Anticancer drugs with piperazine ring. 

A set of new benzhydrylpiperazine carboxamide and thioamide derivatives were 

prepared and screened for their cytotoxicity by Gurdal et al. Compounds below exhibited 

the highest potency against human hepatoma-derived cell line (HUH-7) with GI50 values 
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of 1.29 µM and 5.97 µM. In comparison to the reference drug 5-fluorouracil (30.66 µM), 

most of the derivatives showed greater cytotoxicity against HUH-7 [55]. 

Cl

N N

NH

O

NC

F

N N

NH

S

F

GI50= 1.29 µM GI50= 5.97 µM  

Compound below was synthesized and its antiproliferative activity was studied by 

molecular docking. The results showed good inhibitory effect against human colon cancer 

cell line (HCT-116) cells having IC50 value of 0.13 mg mL-1 [56]. 

 

Mallesha et al. prepared different pyridopyrimidine-4-one bearing the piperazine 

ring. The trifluoromethyl phenyl sulfonyl piperazine derivative showed potent 

cytotoxicity against human neuroblastoma cell line (IMR-32) and cancer cell lines of 

parental human breast (MDA-MB-231). Nitro-substituted phenyl sulfonyl piperazine 

derivative also exhibited good inhibition of the cell proliferation [57]. 
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R= CF3, NO2 

New quinoxalinyl piperazine derivatives were prepared and examined for 

cytotoxicity effect. Among these derivatives compound below exhibited superior 

cytotoxicity against eleven different cell lines, having IC50 values between 0.011- 0.021 

µM. This compound showed high activity against drug-resistant human colorectal 

carcinoma cell lines (HCT-15) and (HCT-116) having IC50 values of 21 ± 0.98 nM and 

29 ± 1.4 nM [58]. 

 

2.2.3.2. Antibacterial Activity 

Piperazine scaffold can be found in many antibacterial marketed drugs such as: 

norfloxacin, ofloxacin and ciprofloxacin [59]. 
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         Ofloxacin                                                                                 Norfloxacin, R= Ethyl 

  Ciprofloxacin, R= Cyclopropyl 

Figure 2.4. Antibacterial drugs with piperazine ring. 

Compounds below were prepared and examined for their antibacterial activity by 

Marella et al. These compounds showed high activity against Gram-negative and Gram-

positive bacteria. MIC values ranged between 30-169 µg [53]. 

 

Verma et al. prepared numerous piperazine derivatives. Compound below 

exhibited maximum antibacterial activity against E. coli, P. aeruginosa, and S. aureus 

[60]. 
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Malani and Dholakiya reported antibacterial activity of compound below against 

Escherichia coli, showing higher activity than standard drug ampicillin with MIC of 62.5 

µg/mL [61]. 

 

2.2.3.3. Antidepressant Activity 

Various piperazine derivatives were prepared and tested for antidepressant 

activity by Rautenberg et al. The results showed significant inhibition of 5-HT reuptake 

[62]. 
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Oficialdegui et al. prepared numerous piperazine derivatives to examine their 

selective serotonin reuptake inhibition. Compound below was found to be potent 

serotonin reuptake inhibitor [63]. 

 

2.2.3.4. Anticonvulsant Activity 

Compound below was reported by Salat et al. to be a good anticonvulsant drug 

having an ED50 values of 112 mg/Kg [64]. 

 

2.2.3.5. Analgesic and Anti-inflammatory Activity 

Boido et al. synthesized several piperazine analogues. Compound below showed 

good analgesic activity having IC50 value of 580 nM [65]. 
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Piperazine derivatives were prepared by Sultana et al., exhibited high anti-

inflammatory effect having IC50 value less than 12.5 µg/mL [66]. 

 

 

2.2.3.6. Antihistaminic Activity 

 Perli and Govindarajan prepared new xanthone derivatives bearing piperazine 

ring and tested them for their biological activity. Compound below showed better affinity 

for serotoninergic 5- HT1A receptors [67].  

 

R= Ph, CH3 
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2.3. Mannich Bases 

Mannich bases are produced by a chemical reaction called the Mannich reaction, 

which involves three different reactants: a substrate with one or more active hydrogen 

atoms (X-H), an aldehyde, and an amine. The reactants are combined in a condensation 

reaction to form the Mannich base. 

 

 

Figure 2.5. General Mannich base reaction. 

Mannich bases are considered as substrate derivatives because they are produced 

by substituting an aminomethyl component when formaldehyde is used or an aminoalkyl 

component in case of using another type of aldehyde. 

 Secondary aliphatic amines (R2NH) are the most frequently used amine reagents 

in Mannich reaction, primary amines and ammonia can be also used.  

The substrates must have a functional group with one or more active hydrogens 

to undergo Mannich reaction. Commonly used functional groups as substrates in Mannich 

reactions may include: the  hydroxyl functional group in phenols, the heteroatom in 

heterocycles, the terminal C≡C in alkynes, and the carbonyl group in ketones  [68-70]. 

2.3.1. Biological Activities of Mannich Bases 

Mannich bases have numerous interesting applications, for example, they can be 

used as polymers, surface active agents, resins [71], and detergent additives [72], 

Mannich bases prodrugs of different compounds were developed to get over some 

drawbacks of these compounds [73]. However, the increased attention Mannich bases 

have received derives from their importance in the pharmaceutical chemistry field. [74, 

75]. Many studies revealed the wide array of biological activates Mannich bases can 

exhibit such as: anticancer [76, 77], antifungal [78, 79], anti-inflammatory [80, 81], 
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anticonvulsant [82], antibacterial [83], anthelmintic [84], antiviral [85] antipsychotic 

[86], antimalarial [87], anti-HIV [88], analgesic [89]. 

2.3.1.1 Anticancer Activity 

Malhotra et al. prepared Mannich bases of 2-

propoxybenzylideneisonicotinohydrazide and tested them for their cytotoxicity effect 

against the A-549 human lung adenocarcinoma. The compound below showed potent 

cytotoxic activity higher than the reference drug, gemcitabine [90]. 

O

CH3

N

N

NH

O

N

CH3 

2.3.1.2. Antimicrobial Activity 

Compounds below were prepared and tested against C. albicans for their 

antifungal activity, these compounds showed  better antifungal activity compared to 

standard drug fluconazole [91]. 

 

R= H, Me, Et, Ph 

NR1R2= 3-Cl, 4-F-aniline, Morpholine, 3-Cl, 4F-aniline, Morpholine, 3-Cl, 4-F-aniline, 3-Cl, 4-

F-aniline 
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Compound below exhibited superior antibacterial activity against S. epidermidis 

compared to reference drug ciprofloxacin [92]. 

 

2.3.1.3. Anti-Inflammatory Activity 

Mannich bases derived from indole were prepared and evaluated for their anti-

inflammatory effect on albino rats. The results showed that the newly obtained Mannich 

bases had better anti-inflammatory activity than diclofenac sodium [93]. 

 

R1= H, CH3 

R2= p- NO2C6H5, ClC6H5NS, ClC6H5NS 

2.3.1.4. Anthelmintic Activity 

Mannich base below was synthesized and screened for anthelmintic activity 

against P. posthuma. The compound exhibited potent anthelmintic activity [94]. 
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2.3.1.5. Anticonvulsant Activity 

Two Mannich bases derived from lamotrigine were prepared and examined for 

anticonvulsant activity. Compounds below had higher activity than the reference drugs 

phenobarbitone sodium and lamotrigine [95]. 

 

R= N (Et)2, NC4H8O 

2.4. Mono Mannich Bases of Acetophenone-Piperazine Derivatives 

2.4.1. Method of Synthesis 

The preparation of compound (E)-3-[3-(4-ethyl-piperazin-1-ylmethyl)-4-

hydroxyphenyl]-1-(methoxyphenyl)propenon was carried out in two stages. First stage 
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included the preparation of chalcone by Claisen-Schmidt reaction between 4-

hydroxyacetophenone and 4- methoxybenzaldehyde at room temperature. 

 

Figure 2.8. First step synthesis of chalcone. 

 In the second step, a mixture of 1-ethylpiperazine and paraformaldehyde was 

refluxed in ethanol. Chalcone was added to the reaction mixture, then the mixture was 

heated under reflux to yield the target compound. [18]. 

OH

O

OCH3

+ H H

O

+

N

NH

CH3
OH

O

OCH3

N

N

CH3

EtOH

 

Figure 2.9. Second step synthesis of mono Mannich base. 

1-Methylpiperazine, 4-hydroxyacetophenone, and formaldehyde solution were 

mixed in methanol. The mixture was refluxed, then  formaldehyde was added after 6 h to 

the reaction mixture to yield the target compound [96]. 

 

Piperazinoacetophenone was added to a mixture of paraformaldehyde, and 4-

hydroxyacetophenone and mixed in ethanol. The resulted mixture was then refluxed to 

yield the target compound [97]. 
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2.4.2. Spectral Properties of Mono Mannich Bases of Acetophenone-

Piperazine Derivatives 

2.4.2.1. IR Spectroscopy  

IR spectra of 1-{4-[4-(5-acetyl-2-hydroxybenzyl)piperazin-1-yl]phenyl}ethenone 

shows C-H stretching bands show at 3005 cm-1. Aromatic stretching vibrations can be 

observed at 1666 cm-1 [97].  

2.4.2.2. 1H-NMR Spectroscopy 

1H-NMR spectra of 2-[(4-methylpiperazin-1-yl)methyl]-4-acetylphenol shows 

signals at: 2.23 ppm, 2.44 ppm, 2.56 ppm, 3.70 ppm, 6.75–7.73 ppm in CDCl3 [96].  

2.4.2.3. 13C-NMR Spectroscopy 

Signals of the 13C-NMR spectra for 1-(4-(4-(5-acetyl-2-hydroxybenzyl)piperazin-

1-yl)phenyl)ethenone appear at:196.6 ppm (C=O), 196.4 ppm (C=O), 162.3, 153.6, 

130.4, 130.3 (x2), 129.4 , 129.1, 128.2 , 120.5 , 116.0, 113.8 (x2) (Ar-C), 61.0 (CH2- 

piperazine), 52.0 (x2), 47.2 (x2) (4C, piperazine), 26.2 (CH3), 26.1 (CH3) in CDCl3 [97].  
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2.4.3. Biological Activities of Mono Mannich Bases of Acetophenone-

Piperazine Derivatives  

2.4.3.1. Anticancer Activity 

Yang et al. synthesized and evaluated the cytotoxicity of novel bichalcone 

derivatives. Four compounds showed potent in vitro cytotoxic activity with GI50 values 

ranging between 0.70-13.10 µM [97]. 

 

R= H, OMe 

R1= 2-pyridyl, 3-pyridyl 

The anticancer activity of the compound below was tested. The results showed 

that this compound has potent effect against breast cancer cell line (MCF-7) having IC50 

value of 2.0 μg/mL, while exerted modest anticancer effect against HepG2 cell line [18]. 

 

Novel Mannich bases from chalcones were prepared by Kandeel et al. and 

examined for their in vitro anticancer activity. Compounds below exhibited significant 

cytotoxic activity against renal cancer cell line (UO-31) [98]. 
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N

OH

O

NH
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R= methyl, 4-fluorophenyl, 4-methoxyphenyl 

2.4.3.2. Antibacterial Activity 

Meera et al. prepared various Mannich bases bearing acetophenone derivatives 

and examined their antibacterial activity. The following compound showed activity 

against some Gram- positive organisms and Gram- negative organism such as: 

Staphylococcus aureus and Escherichia coli [99]. 

 

2.4.3.3. Antifungal Activity 

Compound below was screened for antifungal effects. The results exhibited the 

compound activity against Candida albicans [100]. 
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2.4.3.4. Antiparasitic Activity 

In vivo antiparasitic activity of different Mannich bases derivatives was screened 

against Trypanosoma cruzi. Compound presented below showed lower levels of toxicity 

and parasitemia than benznidazole, while having higher therapeutic rates [101]. 

 

2.4.3.5. Anti-inflammatory Activity 

Nitrogen-containing chalcone derivatives were reported by Gacche et al. 

Compound (R= 3-Br) exhibited superior activity against trypsin and ß-glucuronidase 

enzymes. In addition, compounds (R= 3-Cl, 2-F, 2-Cl) showed potent selective inhibitory 

effect against COX-2 [102]. 

 

R= 3-Cl, 3-Br, 2-F, 2-Cl 

2.4.3.6. Sedative Activity 

Two Mannich bases which were synthesized to be investigated for their sedative 

effects. The studies demonstrated these compounds to have potent sedative activity [103]. 
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R= o-Methoxyphenyl, o-Tolyl 

2.5. Microwave- Assisted Synthesis 

Microwave-assisted synthesis is a type of chemical synthesis that uses 

microwaves to produce chemical reactions. There are several benefits to this approach: 

• Increased reaction speed: Microwaves can heat materials more quickly than 

traditional heating methods, which can greatly increase the speed of chemical 

reactions. 

• Improved yield: Because microwaves can heat materials more evenly, they 

can often improve the yield of a chemical reaction. 

• More selective reactions: Microwaves can create local heating and cooling 

effects within a reaction mixture, which can make certain chemical reactions 

more selective. 

• Reduced solvent usage: Microwave-assisted synthesis can often be carried out 

in smaller amounts of solvent, which can save resources and reduce waste. 

These reasons helped the microwave irradiation to become more popular in the 

organic synthesis field [104, 105].  

2.6. Biological Activity 

2.6.1. Cancer 

Nearly 10 million people died from cancer worldwide in 2020, making it one of 

the top causes of death globally [106]. Cancer develops when a clonal cells group from 

tissue proliferates. There are various ways to represent and describe carcinogenesis, the 

process by which cancer develops. The “hallmarks” of cancer, which are the key 
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characteristics of both cancer cells and tumors, can be used to highlight this process. 

Cancer cells typically produce their own growth signals, ignore signals that prevent 

growth, evade cell death, reproduce without regulations or limits, support angiogenesis, 

and penetrate tissues through capillary and basement membranes [107, 108]. 

A major challenage in cancer treatment is the adverse effects related to the 

chempotherapy such as: bone marrow inhibition, lesions of gastrointestinal tract, lossing 

hair, and nausea which are mainly caused by the ablility of these agents to act on both 

cancer and normal cells [109].  

Another obstacle in cancer managment is the Chemotherapy resistance. Recent 

reports stated that 90% of chemotherapy failures which occur during the invasion and 

spread of malignancies are linked to drug resistance. Hence, the urge to develop new 

anticancer agents [110]. 

2.6.2. History of Chemotherapy 

The term “chemotherapy” was first introduced by the chemist Paul Ehrlich who 

described it as the utilization of chemicals to treat diseases. Although Ehrlich was mainly 

focusing on developing drugs to cure infectious diseases, he tried to utilize some aniline 

dyes and alkylating agents to treat cancer. Additionally, he was the first to demonstrate 

the possibility of using animal models to test the potential activity of different chemicals 

in the treatment of disease, which offered significant benefits for the development of new 

cancer agents later [111]. 

The middle forties and fifties of the last century witnessed the first phase of 

chemotherapy development with the clinical applications of nitrogen mustard and folic 

acids antagonists in the treatment of cancer. The utilization of these agents was based on 

clinical observations [112]. The most remarkable clinical drugs of this phase include: the 

alkylation agents nitrogen mustards, cyclophosphamide and the folic acid antagonists 

amethopterin, aminopterin.  

During the seventies and following the discovery of the helical structure of DNA 

which helped in forming rational hypotheses about the mechanisms of action of the drugs 
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that were employed in cancer therapy [113,114], many new types of anticancer drugs 

were discovered such as: cisplatin, antibiotics (e.g. anthracyclines, bleomycin), 

nucleobases and nucleoside analogues (6-thioguanine and fluoropyrimidines, 6-

mercaptopurine), antimitotic (vinca alkaloids), procarbazine or etoposide [115-128]. This 

period also witnessed the first applications of adjuvant chemotherapy. 

In 1980s, the third phase of chemotherapy development began with focusing on 

the concept of improving the clinical use of the available anticancer agents rather than 

introducing new ones. 

The targeted therapy was the title of the fourth phase of chemotherapy 

development. In the late 1990s, the idea of discovering new pharmacological targets to 

direct the design of chemotherapeutic drugs emerged after the discovery of various genes 

which act as tumor suppressor, several oncogenes, different signaling pathways that are 

related to the angiogenic process and carcinogenesis. One of the examples of a targeted 

drug is imatinib which is a BCR-ABL tyrosine kinase inhibitor that can be used to treat 

chronic myelocytic leukemia (CML), and gastrointestinal stromal tumors (GIST) [129]. 

2.6.3. Chemotherapy Resistance 

Cancer patients frequently experience cytotoxic chemotherapy resistance, which 

is a significant obstacle in treating disseminated neoplasms successfully. Chemotherapy 

resistance can be expressed in two ways either acquired or intrinsic. Intrinsically resistant 

tumors do not react to the initial chemotherapy treatment. On the other hand, acquired 

resistance responds initially to chemotherapy but gets worse ultimately despite the 

medication. In both cases, tumors are frequently shown to be resistant to a wide range of 

anticancer agents with various structural and functional differences [129, 130]. 

Many different molecular processes have been linked to the chemotherapy 

resistance including: 

• Enhanced drug efflux by transporter proteins like the human multidrug 

resistance-associated protein (MRP) or P-glycoprotein (P-gp).  

• Modifications in the drug targets like DNA topoisomerase II (topo II). 
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• Enhanced substance detoxification such as detoxification by (GSH) the 

glutathione system.  

• Increased the repairing capacity of DNA [131]. 
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3. MATERIALS AND METHODS 

3.1. Chemistry 

3.1.1. Materials 

For this study, 4-hydroxyacetophenone, formaldehyde (37%), 1-allypiperazine, 1-

(2-phenylethyl)piperazine, 1-(2-fluorophenyl)piperazine, 1-(4-

methoxyphenyl)piperazine, 1-(2-furoyl)piperazine, 1-benzoylpiperazine hydrochloride, 

1-cyclohexylpiperazine, 1-(o-tolyl)piperazine hydrochloride, 1-(4-

methylphenyl)piperazine, 1-(3-chlorophenyl)piperazine hydrochloride, 1-[2-(2-

hydroxyethoxy)ethyl]piperazine, ethyl acetate, dichloromethane, chloroform, methanol, 

1,4-dioxane were obtained from Sigma-Aldrich. 

3.1.2 Methods of Synthesis 

3.1.2.1. Synthesis Method of Target Compounds: 1-{4-hydroxy-3-[(4-

substitutedpiperazin-1-yl)methyl]phenyl}ethan-1-one by Conventional Heating 

4-Hydroxyacetophenone 1.1 mmol (0.153 g) is added to 1.1 mmol of appropriate 

piperazine and 1.1 mmol (0.082 ml) of formaldehyde (37%) then mixed in methanol (10 

ml). The mixture is refluxed, and the temperature of the reaction is kept around 60-65 °C, 

after 6 hours 1.1 mmol (0.082 ml) of formaldehyde (37%) is added to the reaction 

mixture. The reaction is followed by thin layer chromatography in silica gel stationary 

phase and different mobile phase mixtures which are mentioned in (3.1.3.2). The reaction 

is completed in 48 hours on reflux, then the reaction solvent is evaporated using rotary 

evaporator. After that, column chromatography is carried out using different solvent 

systems which are mentioned in (3.1.3.2) to purify the obtained compound. 

3.1.2.2. Synthesis Method of Target Compounds: 1-{4-hydroxy-3-[(4-

substitutedpiperazin-1-yl)methyl]phenyl}ethan-1-one by Microwave Assisted 

Synthesis 

4-Hydroxyacetophenone 1.1 mmol (0.153 g) is added to 1.1 mmol of appropriate 

piperazine in the presence of 2.2 mmol (0.164 ml) of formaldehyde (37%) and mixed in 
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1,4-dioxane (10 ml). The mixture is placed in the microwave sealed vessel with stirring. 

The reaction mixture will be irradiated at 120° C (power 300 W). TLC is used to track 

the reaction progression in silica gel stationary phase and different mobile phase mixtures 

which are mentioned in (3.1.3.2). The reaction is completed after 30 min, then the vessel 

is removed, and the mixture is dried under reduced pressure. After that, column 

chromatography is carried out using different solvent systems which are mentioned in 

(3.1.3.2) to purify the obtained compound. 

3.1.3 Analytical Methods 

3.1.3.1. Melting Point 

Melting Point Meter (A.KRÜSS Optronic Melting Point Meters) apparatus was 

used to measure the melting points (°C) of the compounds. 

3.1.3.2. Controls by Thin Layer Chromatography 

Material: 

TLC aluminum sheets 20x20 cm Silica gel 60 F254 (Merck) were used as 

stationary phase, and several mobile phases were prepared to be utilized in  TLC and 

column chromatography. 

 

S1: Methanol: Ethyl acetate (50:50). 

S2: Chloroform: Methanol (95:5). 

S3: Dichloromethane: Methanol (95:5). 

S4: Ethyl acetate: Dichloromethane (80:20) 

S5: Methanol: Ethyl acetate (80:20). 

 

TLC Method: 

A chamber was loaded with the appropriate mobile phase and left for sufficient 

time to get homogeneous saturation. After dissolving the reactants and synthesized 

compound in suitable solvents, Pasteur pipettes were used to apply the solutions on the 

TLC plate. The TLC plate was then left inside the chamber for adequate time, next the 
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TLC plate was taken out and left to dry, then the spots were detected using UV light (254 

nm), and the Rf values were recorded.  

3.1.3.3. Column Chromatography 

Column chromatography was utilized to purify the synthesized compounds. 

Stationary phase was silica gel (60 mesh) with an appropriate solvent system. The 

purification was monitored by TLC.  

3.1.4. Spectral Analyses 

 NMR and elemental analyses were performed in Ankara University, Faculty of 

Pharmacy. 

3.1.4.1. Infrared Spectroscopy 

Perkin-Elmer Spectrum One series FT-IR apparatus (Version 5.0.1) was used to 

obtain the infrared spectra of the synthesized compounds, potassium bromide (KBr) was 

applied as the background, and the frequencies were measured in cm-1. 

3.1.4.2. 1H-NMR Spectroscopy  

Varian Mercury-400 FT-NMR spectrometer (Varian Inc., Palo Alto, CA USA) 

was used to conduct the 1H-NMR Spectra analysis. Tetramethyl silane (TMS) was the 

internal reference, the applied solvent was either deuterated dimethyl sulfoxide (DMSO-

d6) or deuterated chloroform (CDCl3), the chemical shifts were recorded in parts per 

million (ppm). 

3.1.4.3. 13C-NMR Spectroscopy 

 Varian Mercury-400 FT-NMR spectrometer (Varian Inc., Palo Alto, CA, USA) 

was used for 13C-NMR spectra analysis. Tetramethyl silane (TMS) was the internal 

reference, the applied solvent was either deuterated dimethyl sulfoxide (DMSO-d6) or 

deuterated chloroform (CDCl3), and the chemical shifts were recorded in parts per million 

(ppm). 
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3.1.4.4. Elemental Analysis 

 Elemental analysis was conducted on a LECO 932 CHNS (LECO-932, St. 

Joseph, MI, USA). 

3.2. Cytotoxic Activity 

3.2.1 MTT Assay 

MCF-7 breast cancer cell line was used for testing compounds cytotoxicity. For 

this aim, 1mg/mL of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazoliumbromide 

(MTT) , a yellow, water-soluble compound, was applied to the cells. When MTT is 

applied to living cells, it transforms into a blue-violet, water-insoluble reduced form, 

formazan. Determination of viable cell number was calculated by determining the color 

intensity obtained after dissolving formazan in alcohol by photometric measurements. To 

investigate the effect of compounds on MCF-7 cell proliferation, each compound was 

applied at 5 different concentrations (2.5-50 µM). Serial dilutions of each compound were 

prepared. The cells were seeded at a density of 3500 cells/well a day before treatment 

with the samples. Subsequently, different concentrations of compounds were 

administered to cells. After 72 hours of incubation, formazan formation was determined 

for each concentration and formazan crystals were dissolved by addition of 150 µL 

isopropanol. The percentage of viable cells was calculated based on the values acquired 

by colorimetric methods using Ascent spectrophotometer at 570 nm. 
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4. RESULTS 

4.1. Chemical Data 

1-(4-Hydroxy-3-((4-(prop-2-en-1-yl)piperazin-1-yl)methyl)phenyl)ethan-1-

one (Compound 1) 

O

CH3

OH N N

CH2

 

Conventional: 

4-Hydroxyacetphenone 1.1 mmol (0.153 g), 1-allylpiperazine 1.1 mmol (0.157 

ml), and formaldehyde 2.2 mmol (0.1642 ml) were mixed in methanol in accordance with 

the general synthesis procedure mentioned in (3.1.2.1). Column chromatography was 

carried out to purify the obtained compound using S1 as solvent system. The yield is 

0.058 g (19%). 

Microwave: 

4-Hydroxyacetphenone 1.1 mmol (0.153 g), 1-allylpiperazine 1.1 mmol (0.157 

ml), and formaldehyde 2.2 mmol (0.1642 ml) were reacted in 1.4-dioxane according to 

the general synthesis procedure mentioned in (3.1.2.2). Column chromatography was 

carried out to purify the obtained compound using S1 as a solvent system. The yield is 

0.1456 g (72%). 

The compound appearance is yellow colored oil, soluble in chloroform, ethyl 

acetate, and methanol. Rf  values using S1 and S2 mobile phases in TLC are 0.551, 0.437 

respectively. 
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FT-IR (KBr, cm-1): 3400-3600 (O-H), 2945 (C-H, aromatic), 2817 (C-H, 

aliphatic), 1673 (C=O), 1640 (C=C), 1594 (C=C, aromatic), 1126 (C-N). 

 

Figure 4.1. IR spectrum of compound 1. 

1H-NMR (ppm/δ, 500 MHz, DMSO-d6): 2.27-2.5 (m, 8H, piperazine), 2.46 (s, 

3H,  -COCH3), 2.9 (d, 2H, -N-CH2CH=CH2, J= 6 Hz), 3.67 (s, Ar-CH2-N-), 5.1-5.18 (dd, 

2H, -CH2CH=CH2, J1= 31.9 Hz, J2= 17.25 Hz), 5.76-5.82 (m, 1H, -CH2CH=CH2), 6.81-

6.82 (d, 1H, 4-hydroxyacetohpenone H5, J= 8 Hz), 7.74 (s, 1H, 4-hydroxyacetophenone 

H2), 7.76 (d, 1H, 4-hydroxyacetophenone H6, J= 7.55 Hz). 
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Figure 4.2. 1H-NMR spectrum of compound 1. 

1-(4-Hydroxy-3-((4-phenethylpiperazin-1-yl)methyl)phenyl)ethan-1-one 

(Compound 2) 

O

CH3

OH N N

 

Conventional: 

4-Hydroxyacetophenone 1.1 mmol (0.153 g), 1-(2-phenylethyl)piperazine 1.1 

mmol (0.2122 ml), and formaldehyde 2.2 mmol (0.1642 ml) were reacted in methanol 

according to the general synthesis procedure mentioned in (3.1.2.1). Column 

chromatography was carried out to purify the obtained compound using S2 as a solvent 

system. The yield is 0.064 g (26%). 
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Microwave: 

4-Hydroxyacetophenone 1.1 mmol (0.153 g), 1-(2-phenylethyl)piperazine 1.1 

mmol (0.2122 ml), and formaldehyde 2.2 mmol (0.1642 ml) were reacted in 1,4-dioxane 

according to the general synthesis procedure mentioned in (3.1.2.2). Column 

chromatography was carried out to purify the obtained compound using S2 as a solvent 

system. The yield is 0.1352 g (36%). 

The compound appearance is yellowish-white colored powder crystals, melting 

point is 116.1 °C, soluble in chloroform and methanol. Rf values using S2 and S3 mobile 

phases are 0.5625, 0.725 respectively. 

FT-IR (KBr, cm-1): 3419-3600 (O-H), 2947 (C-H, aromatic), 2824 (C-H, 

aliphatic), 1669 (C=O), 1594 (C=C, aromatic), 1129 (C-N). 

 

Figure 4.3. IR spectrum of compound 2. 

1H-NMR (ppm/δ, 500 MHz, DMSO-d6): 2.47 (s, 3H, -COCH3),  2.503- 2.507 (m, 

8H, piperazine), 2.51- 2.53 (t, 2H, -CH2CH2-Ar, J= 8.4 Hz), 2.7- 2.73 (t, 2H,- N-CH2CH2-

, J= 7.3 Hz), 3.7 (s, 2H, Ar-CH2-N-), 6.81- 6.83 (d, 1H, 4-hydroxyacetohpenone H5, J= 

8.3 Hz), 7.16- 7.28 (m, 5H, phenyl), 7.75- 7.76 (d, 1H, 4-hydroxyacetophenone H2, J= 2.7 

Hz), 7.76- 7.78 (d, 1H, 4-hydroxyacetophenone H6, J= 8.45 Hz). 
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Figure 4.4. 1H-NMR spectrum of compound 2. 

13C-NMR (ppm, DMSO-d6): 26.25 (CH3CO-), 32.71 (CH2CH2- Ar), 52.11 

(piperazine C2,6), 52.51 (piperazine C3,5), 58.27 (Ar-CH2-N-), 59.53 (N-CH2CH2-), 

115.23, 122.21, 125.83, 128.21, 128.37, 128.62, 129.49, 129.87, 140.35 (Ar-C), 161.76 

(Ar-C-OH), 196.07 (C=O). 
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Figure 4.5. 13C-NMR spectrum of compound 2. 

Elemental analysis of C21H26N2O2 (MW: 338.4433 g/mol): 

 %C %H %N 

Calculated 74.52 7.74 8.28 

Found 74.58 7.99 8.29 

1-(3-((4-(2-Fluorophenyl)piperazin-1-yl)methyl)-4-hydroxyphenyl)ethan-1-

one (Compound 3) 

O

CH3

OH N N

F  
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Conventional: 

4-Hydroxyacetophenone 1.1 mmol (0.153 g), 1-(2-fluorophenyl)piperazine 1.1 

mmol (0.179 ml), and formaldehyde 2.2 mmol (0.1642 ml) were reacted in methanol 

according to the general synthesis procedure mentioned in (3.1.2.1). Column 

chromatography was carried out to purify the obtained compound using S3 as a solvent 

system. The yield is 0.075 g (21%). 

Microwave: 

4-Hydroxyacetophenone 1.1 mmol (0.153 g), 1-(2-fluorophenyl)piperazine 1.1 

mmol (0.179 ml), and formaldehyde 2.2 mmol (0.1642 ml) were reacted in 1,4-dioxane 

according to the general synthesis procedure mentioned in (3.1.2.2). Column 

chromatography was carried out to purify the obtained compound using S3 as a solvent 

system. The yield is 0.086 g (24%). 

The compound appearance is white colored crystals, melting point is 115.6 °C, 

soluble in chloroform, dichloromethane and methanol. Rf values using S3 and S4 mobile 

phases are 0.871, 0.794 respectively. 

FT-IR (KBr, cm-1): 3300-3600 (O-H), 2951 (C-H, aromatic), 2837 (C-H, 

aliphatic), 1670 (C=O), 1591 (C=C, aromatic), 1113 (C-N). 
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Figure 4.6. IR spectrum of compound 3. 

1H-NMR (ppm/δ, 500 MHz, DMSO-d6): 2.49 (s, 3H, CH3CO-), 2.46 (s, 4H, 

piperazine H2,6), 3.05 (s, 4H, piperazine H3,5), 3.73 (s, 2H, Ar-CH2-N-), 6.85- 6.87 (d, 1H, 

4-hydroxyacetophenone H5, J= 8.4 Hz), 6.97- 6.98 (m, 1H, phenyl H5), 7.05- 7.06 (t, 1H, 

phenyl, H4, J= 8.35 Hz), 7.09 (d, 1H, phenyl, H6, J= 1.25 Hz), 7.1- 7.14 (m, 1H, phenyl, 

H3), 7.77- 7.79 (dd, 1H, 4-hydroxyacetophenone H2 J1= 8.45 Hz, J2= 2.15 Hz), 7.81 (d, 

1H, 4-hydroxyacetophenone H6 J= 1.85 Hz). 
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Figure 4.7. 1H-NMR spectrum of compound 3. 

1-(4-Hydroxy-3-((4-(4-methoxyphenyl)piperazin-1-yl)methyl)phenyl)ethan-

1-one (Compound 4) 

O

CH3

OH N N OCH3

 

Conventional: 

4-Hydroxyacetophenone 1.1 mmol (0.153 g), 1-(4-methoxyphenyl)piperazine 1.1 

mmol (0.21 g), and formaldehyde 2.2 mmol (0.1642 ml) were reacted in methanol 

according to the general synthesis procedure mentioned in (3.1.2.1). Column 

chromatography was carried out to purify the obtained compound using S3 as a solvent 

system. The yield is 0.085 g (23%). 
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Microwave: 

4-Hydroxyacetophenone 1.1 mmol (0.153 g), 1-(4-methoxyphenyl)piperazine 1.1 

mmol (0.21 g), and formaldehyde 2.2 mmol (0.1642 ml) were reacted in 1,4-dioxane 

according to the general synthesis procedure mentioned in (3.1.2.2). Column 

chromatography was carried out to purify the obtained compound using S3 as a solvent 

system. The yield is 0.122 g (33%). 

The compound appearance is yellow colored crystals, melting point is 130 °C, 

soluble in chloroform, dichloromethane and methanol. Rf values in TLC using S3 and S4 

solvent systems are 0.807, 0.743 respectively. 

FT-IR (KBr, cm-1): 3200-3600 (O-H), 2942 (C-H, aromatic), .2818 (C-H, 

aliphatic), 1672 (C=O), 1593 (C=C), 1127 (C-N). 

 

Figure 4.8. IR spectrum of compound 4. 

1H-NMR (ppm/δ, 500 MHz, DMSO-d6): 2.48 (s, 3H, CH3CO-), 2.61- 2.63 (t, 4H, 

piperazine H2,6, J= 9.45 Hz), 3.04- 3.06 (t. 4H, piperazine H3,5, J= 8.95 Hz), 3.68 (s, 3H, 

OCH3), 3.73 (s, 2H, Ar-CH2-N-), 6.81- 6.82 (m, 2H, phenyl H3,5), 6.84- 6.86 (d, 1H, 4-

hydroxyacetophenone H5, J= 8.35 Hz), 6.88- 6.9 (m, 2H, phenyl H2.6), 7.77- 7.79 (dd, 4-
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hydroxyacetophenone H2, J1= 8.35 Hz, J2= 2.25 Hz), 7.8 (d, 4-hydroxyacetophenone H6, 

J= 2.05 Hz). 

 

Figure 4.9. 1H-NMR spectrum of compound 4. 

13C-NMR (ppm, DMSO-d6): 26.26 (CH3CO-), 49.60 (piperazine C2,6), 52.23 

(piperazine C3,5), 55.14 (-OCH3), 57.83 (Ar-CH2-N-), 114.23, 115.23, 117.54, 122.42, 

128.44, 129.51, 130.16, 145.17 (Ar-C), 153.03 (Ar-C-OCH3), 161.49 (Ar-C-OH), 196.13 

(C=O). 
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Figure 4.10. 13C-NMR spectrum of compound 4. 

1-(3-((4-(Furan-2-carbonyl)piperazin-1-yl)methyl)-4-hydroxyphenyl)ethan-

1-one (Compound 5) 

O

CH3

OH N N

O

O

 

Conventional: 

4-Hydroxyacetophenone 1.1 mmol (0.153 g), 1-(2-furoyl)piperazine 1.1 mmol 

(0.2 g), and formaldehyde 2.2 mmol (0.1642 ml) were reacted in methanol according to 

the general synthesis procedure mentioned in (3.1.2.1). Column chromatography was 

carried out to purify the obtained compound using S4 as a solvent system. The yield is 

0.051 g (21%). 
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Microwave: 

4-Hydroxyacetophenone 1.1 mmol (0.153 g), 1-(2-furoyl)piperazine 1.1 mmol 

(0.2 g), and formaldehyde 2.2 mmol (0.1642 ml) were reacted in 1,4-dioxane according 

to the general synthesis procedure mentioned in (3.1.2.2). Column chromatography was 

carried out to purify the obtained compound using S4 as a solvent system. The yield is 

0.157 g (43%). 

The compound appearance is yellowish white colored powder, melting point is 

120 °C, soluble in ethyl acetate, dichloromethane, and methanol. Rf values using S2 and 

S4 mobile phases are 0.65, 0.525 respectively. 

FT-IR (KBr, cm-1): 3221-3600 (O-H), 2947 (C-H, aromatic), 2859 (C-H, 

aliphatic), 1667 (C=O), 1572 (C=C, aromatic), 1128 (C-N). 

 

Figure 4.11. IR spectrum of compound 5. 

1H-NMR (ppm/δ, 500 MHz, DMSO-d6): 2.5 (s, 3H, CH3CO-), 2.507- 2.52 (t, 4H, 

piperazine H2.6, J= 4.5 Hz), 3.66 (s, 2H, Ar-CH2-N-), 3.69 (s, 4H, piperazine H3,5), 6.61- 

6.62 (dd, 1H, furoyl H4, J1= 3.45 Hz, J2= 1.75 Hz), 6.86- 6.88 (d, 1H, 4-

hydroxyacetophenone H5, J= 8.4 Hz), 6.98- 6.99 (d, 1H, furoyl H5, J1= 3.45), 7.77- 7.78 
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(dd, 1H, 4-hydroxyacetophenone H2, J= 8.45 Hz), 7.81 (d, 1H, 4-hydroxyacetophenone 

H6, J= 2.15 Hz), 7.83 (d, 1H, furoyl H3, J= 1.35 Hz). 

 

Figure 4.12. 1H-NMR spectrum of compound 5. 

1-(3-((4-Benzoylpiperazin-1-yl)methyl)-4-hydroxyphenyl)ethan-1-one 

(Compound 6)  

O

CH3

OH N N

O
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Conventional: 

4-Hydroxyacetophenone 1.1 mmol (0.153 g), 1-benzoylpiperazine 1.1 mmol (0.2 

ml), and formaldehyde 2.2 mmol (0.1642 ml) were reacted in methanol according to the 

general synthesis procedure mentioned in (3.1.2.1). Column chromatography was carried 

out to purify the obtained compound using S4 as a solvent system. The yield is 0.057 g 

(15%). 

Microwave: 

4-Hydroxyacetophenone 1.1 mmol (0.153 g), 1-benzoylpiperazine 1.1 mmol (0.2 

ml), and formaldehyde 2.2 mmol (0.1642 ml) were reacted in 1,4-dioxane according to 

the general synthesis procedure mentioned in (3.1.2.2). Column chromatography was 

carried out to purify the obtained compound using S4 as a solvent system. The yield is 

0.092 g (24%). 

The compound appearance is yellow colored powder, melting point is 128 °C,  

soluble in ethyl acetate, dichloromethane. Rf values using S2 and S4 mobile phases are 

0.725, 0.576 respectively. 

FT-IR (KBr, cm-1): 3324 (O-H), 2965 (C-H, aromatic), 2838 (C-H, aliphatic), 

1671 (C=O), 1584 (C=C, aromatic), 1119 (C-N). 
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Figure 4.13. IR spectrum of compound 6. 

1H-NMR (ppm/δ, 500 MHz, DMSO-d6): 2.50 (s, 3H, CH3CO-), 2.51 (t, 4H, 

piperazine H2.6, J= 1.75 Hz), 3.36 (s, 2H, Ar-CH2-N-), 3.65 (s, 4H, piperazine H3,5), 6.85- 

6.87 (d, 1H, 4-hydroxyacetophenone H5, J= 8.4 Hz), 7.38- 7.39 (m, 1H, benzoyl H4), 7.4- 

7.43 (m, 2H, benzoyl H3,5), 7.44- 7.45 (m, 2H, benzoyl H2,6), 7.75- 7.78 (dd, 1H, 4-

hydroxyacetophenone H6, J1= 8.45 Hz, J2= 2.25 Hz), 7.8 (d, 1H, 4-hydroxyacetophenone 

H2, J= 2.1 Hz). 
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Figure 4.14. 1H-NMR spectrum of compound 6. 

1-(3-((4-Cyclohexylpiperazin-1-yl)methyl)-4-hydroxyphenyl)ethan-1-one 

(Compound 7) 

O

CH3

OH N N

 

Conventional: 

4-Hydroxyacetophenone 1.1 mmol (0.153 g), 1-cyclohexyl piperazine 1.1 mmol 

(0.19 g), and formaldehyde 2.2 mmol (0.1642 ml) were reacted in methanol according to 

the general synthesis procedure mentioned in (3.1.2.1). Column chromatography was 

carried out to purify the obtained compound using S5 as a solvent system. The yield is 

0.095 g (27%). 
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Microwave: 

4-Hydroxyacetophenone 1.1 mmol (0.153 g), 1-cyclohexyl piperazine 1.1 mmol 

(0.19 g), and formaldehyde 2.2 mmol (0.1642 ml) were reacted in 1,4-dioxane according 

to the general synthesis procedure mentioned in (3.1.2.2). Column chromatography was 

carried out to purify the obtained compound using S5 as a solvent system. The yield is 

0.115 g (33%). 

The compound appearance is reddish orange colored powder, melting point is 

129.5 °C, soluble in ethyl acetate, and methanol. Rf values using S3 and S5 mobile phases 

are 0.253, 0.543 respectively. 

FT-IR (KBr, cm-1): 3200-3700 (O-H), 2929 (C-H, aromatic), 2852 (C-H, 

aliphatic), 1674 (C=O), 1598 (C=C, aromatic), 1118 (C-N). 

 

Figure 4.15. IR spectrum of compound 7. 

1H-NMR (ppm/δ, 500 MHz, DMSO-d6): 1.05- 1.2 (m, 6H, cyclohexyl H3,4,5), 

1.71- 1.75 (m, 4H, cyclohexyl H2,6), 2.2 (m, 1H, cyclohexyl, H1), 2.47 (s, 3H, CH3CO-), 

2.5- 2.51 (t, 8H, piperazine, J= 1.7 Hz), 3.68 (s, 2H, Ar-CH2-N), 6.8- 6.81 (d, 1H, 4-

hydroxyacetophenone H5, J= 8.4 Hz), 7.73 (d, 1H, 4-hydroxyacetophenone H2, J= 1.95 

Hz), 7.75- 7.77 (dd, 1H, 4-hydroxyacetophenone H6, J1= 8.45 Hz, J2= 2.2 Hz). 
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Figure 4.16. 1H-NMR spectrum of compound 7. 

13C-NMR (ppm, DMSO-d6): 25.27 (cyclohexyl C9,11), 26.89 (cyclohexyl C10), 

26.25 (CH3CO-), 28.32 (cyclohexyl C8,12), 48.27 (piperazine C2,6), 52.61 (piperazine 

C3,5), 58.64 (Ar-CH2-N-), 62.46 (cyclohexyl C7), 115.25, 122.16, 128.33, 129.5, 129.83 

(Ar-C), 161.87 (Ar-C-OH), 196.07 (C=O). 
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Figure 4.17. 13C-NMR spectrum of compound 7. 

1-(4-Hydroxy-3-((4-(o-tolyl)piperazin-1-yl)methyl)phenyl)ethan-1-one 

(Compound 8) 

O

CH3

OH N N

CH3  

Conventional: 

4-Hydroxyacetophenone 1.1 mmol (0.153 g), 1-(o-tolyl)piperazine 1.1 mmol (0.2 

g), and formaldehyde 2.2 mmol (0.1642 ml) were reacted in methanol according to the 

general synthesis procedure mentioned in (3.1.2.1). Column chromatography was carried 

out to purify the obtained compound using S3 as a solvent system. The yield is 0.078 g 

(22%). 
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Microwave: 

4-Hydroxyacetophenone 1.1 mmol (0.153 g), 1-(o-tolyl)piperazine 1.1 mmol (0.2 

g), and formaldehyde 2.2 mmol (0.1642 ml) were reacted in 1,4-dioxane according to the 

general synthesis procedure mentioned in (3.1.2.2). Column chromatography was carried 

out to purify the obtained compound using S3 as a solvent system. The yield is 0.089 g 

(25%). 

The compound appearance is white colored crystals, melting point is 126.2 °C, 

soluble in dichloromethane, and hot methanol. Rf values using S2 and S3 mobile phases 

are 0.708, 0.858 respectively. 

FT-IR (KBr, cm-1): 3200-3700 (O-H), 2929 (C-H, aromatic), 2852 (C-H, 

aliphatic), 1674 (C=O), 1598 (C=C), 1118 (C-N). 

 

Figure 4.18. IR spectrum of compound 8. 

1H-NMR (ppm/δ, 500 MHz, CDCl3): 2.32 (s, 3H, CH3CO-), 2.56 (s, 3H, CH3-Ar), 

2.78 (bs, 4H, piperazine H2.6), 3.01 (s, 4H, piperazine H3,5), 3.87 (s, 2H, Ar-CH2-N-), 

6.87- 6.89 (d, 1H, 4-hydroxyacetophenone H5, J= 8.45 Hz), 7.01- 7.05 (m, 2H, Phenyl, 

H3,6), 7.18- 7.21 (t, 2H, phenyl H4,5, J= 7.5 Hz), 7.73 (d, 1H, 4-hydroxyacetophenone H2, 

J= 2.15 Hz), 7.83- 7.85 (dd, 1H, 4-hydroxyacetophenone H6, J1= 8.45 Hz, J2= 2.2 Hz). 
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Figure 4.19. 1H-NMR spectrum of compound 8. 

13C-NMR (ppm, DMSO-d6): 17.55 (Ar-CH3), 26.37 (CH3CO-), 51.25 (piperazine 

C2,6), 52.65 (piperazine C3,5), 58.01 (Ar-CH2-N-), 115.24, 118.83, 122.43, 122.97, 

126.56, 128.44, 129.54, 130.16, 130.81, 131.76 (Ar-C), 150.99 (Ar-C-N-), 161.57 (Ar-

C-OH), 196.12 (C=O). 
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Figure 4.20. 13C-NMR spectrum of compound 8. 

 

Elemental analysis of C20H24N2O2 (MW: 324.4167 g/mol): 

 %C %H %N 

Calculated 74.04 7.46 8.64 

Found 74.23 7.64 8.68 

 

 1-(4-Hydroxy-3-((4-(p-tolyl)piperazin-1-yl)methyl)phenyl)ethan-1-one 

(Compound 9) 

O

CH3

OH N N CH3

 

Conventional: 

4-Hydroxyacetophenone 1.1 mmol (0.153 g), 1-(4-methylphenyl)piperazine 1.1 

mmol (0.2 g), and formaldehyde 2.2 mmol (0.1642 ml) were reacted in methanol 

according to the general synthesis procedure mentioned in (3.1.2.1). Column 
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chromatography was carried out to purify the obtained compound using S3 as a solvent 

system. The yield is 0.105 g (29%). 

Microwave: 

4-Hydroxyacetophenone 1.1 mmol (0.153 g), 1-(4-methylphenyl)piperazine 1.1 

mmol (0.2 g), and formaldehyde 2.2 mmol (0.1642 ml) were reacted in 1,4-dioxane 

according to the general synthesis procedure mentioned in (3.1.2.2). Column 

chromatography was carried out to purify the obtained compound using S3 as a solvent 

system. The yield is 0.1125 g (32%). 

The compound appearance is yellowish white colored crystals, melting point is 

143 °C, soluble in dichloromethane, and hot methanol. Rf values using S2 and S3 mobile 

phases are 0.641, 0.82 respectively. 

FT-IR (KBr, cm-1): 3200-3600 (O-H), 2941 (C-H, aromatic), 2833 (C-H, 

aliphatic), 1670 (C=O), 1589 (C=C, aromatic), 1124 (C-N). 

 

Figure 4.21. IR spectrum of compound 9. 

1H-NMR (ppm/δ, 500 MHz, DMSO-d6): 2.2 (s, 3H, Ar-CH3), 2.48 (s, 3H, 

CH3CO-), 2.6- 2.62 (t, 4H, piperazine H2.6, J= 4.65 Hz), 3.09- 3.11 (t, 4H, piperazine H3,5, 



 

61 

 

J= 4.2 Hz), 3.72 (s, 2H, Ar-CH2-N-), 6.83- 6.84 (d, 1H, 4-hydroxyacetophenone, J= 8.8 

Hz), 6.86 (d, 2H, phenyl, H3.5, J= 9.4 Hz), 7.01- 7.03 (d, 2H, phenyl H2.6, J= 8.4 Hz), 7.77 

(dd, 1H, 4-hydroxyacetophenone H6, J1= 8.4 Hz, J2= 2.2 Hz), 7.79- 7.8 (d, 1H, 4-

hydroxyacetophenone H2, J= 2 Hz). 

 

Figure 4.22. 1H-NMR spectrum of compound 9. 

13C-NMR (ppm, DMSO-d6): 20.06 (Ar-CH3), 26.29 (CH3CO-), 48.68 (piperazine 

C2,4), 52.16 (piperazine C3,5), 57.8 (Ar-CH2-N-), 115.23, 115.80, 122.46, 127.85, 128.45, 

129.38, 129.52, 130.19 (Ar-C), 148.76 (Ar-C-N-), 161.47 (Ar-C-OH), 196.14 (C=O). 
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Figure 4.23. 13C-NMR spectrum of compound 9. 

1-(3-((4-(3-Chlorophenyl)piperazin-1-yl)methyl)-4-hydroxyphenyl)ethan-1-

one (Compound 10) 

O

CH3

OH N N

Cl

 

Conventional: 

4-Hydroxyacetophenone 1.1 mmol (0.153 g), 1-(3-chlorophenyl)piperazine 1.1 

mmol (0.19 ml), and formaldehyde 2.2 mmol (0.1642 ml) were reacted in methanol 

according to the general synthesis procedure mentioned in (3.1.2.1). Column 

chromatography was carried out  to purify the obtained compound using S3 as a solvent 

system. The yield is 0.051 g (13%). 
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Microwave: 

4-Hydroxyacetophenone 1.1 mmol (0.153 g), 1-(3-chlorophenyl)piperazine 1.1 

mmol (0.19 ml), and formaldehyde 2.2 mmol (0.1642 ml) were reacted in 1,4-dioxane 

according to the general synthesis procedure mentioned in (3.1.2.2). Column 

chromatography was carried out to purify the obtained compound using S3 as a solvent 

system. The yield is 0.114 g (30%). 

The compound appearance is yellowish white colored crystals, melting point is 

138.1 °C, soluble in dichloromethane, and hot methanol. Rf values using S2 and S3 

mobile phases are 0.769, 0.846 respectively. 

FT-IR (KBr, cm-1):3185-3600 (O-H), 2949 (C-H, aromatic), 2836 (C-H, 

aliphatic), 1.666 (C=O), 1594 (C=C, aromatic), 1127 (C-N). 

 

Figure 4.24. IR spectrum of compound 10. 

1H-NMR (ppm/δ, 500 MHz, CDCl3): 2.56 (s, 3H, CH3CO-), 2.73- 2.74 (d, 4H, 

piperazine H2,6, J= 4.6 Hz), 3.25- 3.27 (t, 4H, piperazine H3,5, J= 4.65 Hz), 3.85 (s, 2H, 

Ar-CH2-N-), 6.79- 6.81 (dd, 1H, phenyl H6, J1= 6.6 Hz, J2= 1.75 Hz), 6.85- 6.86 (d, 1H, 

phenyl H2, J= 1.85 Hz), 6.87- 6.89 (d, 1H, 4-hydroxyacetophenone H5, J= 8.4 Hz), 6.9 (d, 

1H, phenyl H4, J= 2.1 Hz) 7.18- 7.21 (t, 1H, phenyl H5, J= 8.1 Hz), 7.72- 7.73 (d, 1H, 4-
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hydroxyacetophenone H2, J= 2.1 Hz), 7.84- 7.86 (dd, 1H, 4-hydroxyacetophenone H6, 

J1= 8.5 Hz, J2= 2.2 Hz). 

 

Figure 4.25. 1H-NMR spectrum of compound 10. 

13C-NMR (ppm, DMSO-d6): 26.28 (CH3CO-), 47.59 (piperazine C2,6), 51.96 

(piperazine C3,5), 57.49 (Ar-CH2-N-), 113.74, 114.66, 115.20, 118.19, 122.52, 128.46, 

129.53, 130.31, 130.42, 133.81 (Ar-C), 152.07 (Ar-C-N-), 161.32 (Ar-C-OH), 196.14 

(C=O). 
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Figure 4.26. 13C-NMR spectrum of compound 10. 
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4.2. Pharmacological Studies 

The cytotoxicity results of the synthesized compound against MCF-7 cell line are 

given in Table 4.1. 

 

Table 4.1. Cytotoxic activity data for compounds 1-10. 

 

 

 
 
 

     Compound  

MCF-7 (IC50, µM) 
No.    R 

1 Allyl    63 

2 Phenylethyl    38 

3 2-Fluorophenyl    60 

4 4-Methoxyphenyl    29 

5 Furoyl    39 

6 Benzoyl    35 

7 Cyclohexyl                20 

8 2-Methylphenyl   N/A 

9 4-Methylphenyl    35 

10 3-Chlorophenyl    34 
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5. DISCUSSION AND CONCLUSION 

In this thesis, a set of ten new compounds bearing 1-[4-hydroxy-3-[(substituted-

1-piperazinyl)methyl]phenyl]ethanone backbone were synthesized and screened for their 

cytotoxicity against MCF-7 cell lines. The structure illustration of the obtained 

compounds was carried out by IR, 1H-NMR, 13C-NMR, and elemental analysis. 

The synthetic pathway of the target compounds is represented in Scheme 5.1. 

 

O

CH3

OH

+
H H

O

+

N
H

N

R

O

CH3

OH

N

N
R

Method A

Method B

Method A: methanol, 65 °C, 48h

Method B: 1,4-dioxane, 120 °C, 30min  

Scheme 5.1. General synthesis pathway of compounds 1-10. 

The first step of the reaction involves the formation of the iminium ion due to the 

reaction between the substituted piperazine and the protonated formaldehyde. The 

reaction starts with the nucleophilic attack by the pair of electrons of the nitrogen atom 

of piperazine on the positively charged carbon of the protonated aldehyde, followed by 

deprotonation and protonation. After that, a loss of water molecule will give the iminium 

ion. 
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Scheme 5.2. Formation of the iminium ion. 

  In the second step, an electrophilic addition will occur between the positively 

charged iminium ion and 4-hydroxyacetophenone, which will result in the formation of a 

methylene bridge between 4-hydroxyacetophenone and the substituted piperazine on the 

ortho position to the hydroxyl group of 4-hydroxyacetophenone and give the target 

compound. 
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Scheme 5.3. Formation of the Mannich base. 

According to the results obtained from the two techniques, which are summarized 

in Table 5.1. The conventional method produced lower yields in comparison with the 

yields obtained from the microwave assisted synthesis. In addition, microwave irradiation 

reactions were completed in shorter time than the conventional reactions. 
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Table 5.1. Yields of the synthesized compounds. 

 

The compounds structures were verified by IR, 1H-NMR, 13C-NMR and elemental 

analysis. The experimental results were in consistent with predicted data. 

FT-IR spectral analysis of the prepared compounds were obtained by using KBr 

as a carrier. Generally, O-H bands were seen between 3200-3600 cm-1, stretching bands 

aromatic and aliphatic C-H were observed at  2940 and 2830 cm-1 respectively, C=O 

stretching bands were seen at 1670 cm-1, bands of C=C aromatic were seen at 1594 cm-1, 

and C-N stretching bands were recorded at 1127 cm-1. 

     Compound Yield (%)  

M.P. (°C) 
No.    R Conventional Microwave 

1 Allyl 19 72 N/A 

2 Phenylethyl 26 36 116.1 

3 2-Fluorophenyl 21 24 115.6 

4 4-Methoxyphenyl 23 33 130 

5 Furoyl 21 43 120 

6 Benzoyl 15 24 128 

7 Cyclohexyl 27 33 110.4 

8 2-Methylphenyl 22 25 126.2 

9 4-Methylphenyl 29 32 143 

10 3-Chlorophenyl 13 30 138.1 
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For instance, IR spectra of compound 10 showed mainly stretching bands of O-H 

between 3185-3600 cm-1, aromatic C-H stretching bands at 2949 cm-1, bands of aliphatic 

C-H and carbonyl C=O were seen at 2836, 1666 cm-1 respectively,  1594 cm-1 stretching 

bands is accounted for (C=C, aromatic), and 1127 cm-1 stretching bands for C-N bond. 

O

CH3

OH N N

Cl

 

Compound 10 

 

Figure 5.1. IR spectrum of compound 10. 

1H-NMR spectra for the prepared compounds were carried out by using DMSO-

d6 and CDCl3 as solvents and results were recorded in ppm. The compounds mainly 

showed the following signals: (CH3CO-) signal showed at 2.32- 2.5 ppm as singlet, 

piperazine signals were recorded between 2.27- 3.05 ppm, singlet at 3.67- 3.85 ppm 

related to (Ar-CH2-N-) which is obtained from Mannich reaction, and CH-aromatic 

signals at 6.87- 7.86 ppm. 
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1H-NMR spectrum of compound 10 is shown at Figure 5.5: methyl protons is 

observed as a singlet at 2.56 ppm (s, 3H, CH3CO-), piperazine protons is seen at 2.73- 

2.74 ppm (t, 4H, piperazine H2,6, J= 4.6 Hz), and 3.25- 3.27 ppm (t, 4H, piperazine H3,5, 

J= 4.65 Hz), singlet at 3.85 ppm is related to (s, 2H, Ar-CH2-N-) which occurred after 

Mannich reaction, 6.79- 6.81 (dd, 1H, phenyl H6, J1= 6.6 Hz, J2= 1.75 Hz), 6.85- 6.86 (d, 

1H, phenyl H2, J= 1.85 Hz), aromatic C-H at 6.87- 6.89 (d, 1H, 4-hydroxyacetophenone 

H5, J= 8.4 Hz), 6.9 (d, 1H, phenyl H4, J= 2.1 Hz), 7.18- 7.21 (t, 1H, phenyl H5, J= 8.1 

Hz), 7.72- 7.73 (d, 1H, 4-hydroxyacetophenone H2, J= 2.1 Hz), 7.84- 7.86 (dd, 1H, 4-

hydroxyacetophenone H6, J1= 8.5 Hz, J2= 2.2 Hz). 

O

CH3

OH N N

Cl

 

Compound 10 

   

Figure 5.2. 1H-NMR spectrum of compound 10. 
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Compounds 2, 4, 7, 8, 9, and 10 13C-NMR spectral analysis was preformed using 

DMSO-d6 as a solvent and results were recorded in ppm. The spectrum of the tested 

compounds showed mainly the following signals: methyl group signal at 26.25 ppm 

(CH3CO-),  piperazine (C2,6) signals at 47.59- 52.61 ppm, piperazine (C3,5) signals at 

51.96- 52.65 ppm, signal of (Ar-CH2-N-) which is obtained from Mannich reaction at 

57.49- 58.64 ppm, carbonyl signal was seen at 196.14 ppm (C=O).   

For instance, 13C-NMR spectra analysis of compound 10 shows the following 

signals: methyl group signal at 26.28 ppm (CH3CO-), piperazine signals at 47.59 ppm 

(piperazine C2,6), and 51.96 ppm (piperazine C3,5), methylene group signal at 57.49 ppm 

(Ar-CH2-N-) which occurred from Mannich reaction, 113.74, 114.66, 115.20, 118.19, 

122.52, 128.46, 129.53, 130.31, 130.42, 133.81 (Ar-C), 152.07 (Ar-C-N-), 161.32 (Ar-

C-OH), and carbonyl signal at 196.14 ppm (C=O). 
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Figure 5.3. 13C-NMR spectrum of compound 10. 

C Chemical Shift (δ) C Chemical Shift (δ) 

1 26.28 10 128.46 

2 47.59 11 129.53 

3 51.96 12 130.31 

4 57.49 13 130.42 

5 113.74 14 133.81 

6 114.66 15 152.07 

7 115.2 16 161.32 

8 118.19 17 196.14 

9 122.52   

Table 5.1. 13C-NMR spectrum of compound 10. 

Nine of the synthesized compounds were tested for their cytotoxicities by MTT.  

According to the data from Table 4.1., nearly all of the compounds showed 

cytotoxic effect against MCF-7 breast cancer cell line. The most active compounds were 

compounds 4 and 7 having IC50 values of 29 µM and 20 µM respectively. Compounds 1 

(allyl) and compound 3 (2-fluorophenyl) showed the lowest activity having IC50 values 

of 63 µM and 60 µM respectively. In general, other compounds in the 4-
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hydroxyacetophenonepiperazine series showed activity with IC50 values between 34- 39 

µM. 

O

CH3

OH

N

N

OCH3

O

CH3

OH

N

N

 

                      Compound 4                                                          Compound 7 

In conclusion, ten novel 4-hydroxyacetophenonepiperazine Mannich bases were 

prepared by both conventional and microwave assisted synthesis. Their structural 

elucidation was verified by IR, 1H-NMR, 13C-NMR, and elemental analysis. The yields 

of the prepared compounds were compared, and their cytotoxicity was examined against 

MCF-7 cell lines, compounds 4 and 7 were found to have the highest cytotoxic effect 

with IC50 values of 29 µM and 20 µM respectively. 
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