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ABSTRACT  

Bobtaina, E. A. (2017). Synthesis and Cytotoxicity Studies on Some Novel 4,4’-

Difluorobenzhydrylpiperazine Derivatives. Yeditepe University Institute of Health 

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

In this study, nine novel compounds, bearing N-[2-(4-substitutedpiperazine-1-

yl)acetyl]-N’-[bis-(4-fluorophenyl)methyl]piperazine structures were synthesized. In vitro 

cytotoxic activities were screened in the comparison with camptothecin (positive control) 

and 5-fluorouracil (reference). 

To obtain starting compound, 1-[4-bis(4-fluorophenyl)methyl]piperazine was N-

acetylated with chloroacetyl chloride. After substitution of chlorine in N-(chloroacetyl)-N’-

[bis(4-fluorophenyl)methyl]piperazine by various piperazine derivatives, the target 

compounds were gained. 

Physical properties of the synthesized compounds were determined and their 

structures were confirmed by using spectral methods (UV, IR, 1H-NMR, 13C-NMR, Mass 

spectrometry) and elemental analyses. In addition, their cytotoxic properties were evaluated 

in vitro by NCI-60 Sulforhodamine B (SRB) Assay against human cancer cell lines, Huh7 

(hepatocellular), MCF7 (breast) and HCT116 (colorectal).  

According to the activity data, most of the compounds are more cytotoxic than 5-

fluorouracil against hepatocellular (Huh7) and colorectal (HCT116) cancer cell lines. 

However, in breast (MCF-7) cancer cell line, all benzhydrylpiperazine derivatives are less 

cytotoxic than 5-fluorouracil (5-FU). The most active compound for Huh7 cell line is m-

methoxyphenyl derivative (compound 5; GI50 = 7.04 µM), and the most active compound in 

colorectal (HCT-116) cancer cell line is p-chlorophenyl derivative (compound 1; GI50 = 4.36 

µM).  

Keywords: Anticancer, benzhydrylpiperazine, cytotoxicity, piperazine, 

sulforhodamine B 
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Table. Structures of the synthesized compounds (1-9). 

NN

O

N N R

F

F  

Compound R M. P. (°C) Yield (%) 

1 p-Chlorophenyl 179 30 

2 o-Hydroxyphenyl >300(dec.) 35.5 

3 p-Methylphenyl 194.3 18 

4 m-Methylphenyl >300(dec.) 24 

5 m-Methoxyphenyl >300(dec.) 40 

6  Benzoyl >300(dec.) 59 

7 2,4-Dichlorobenzyl >300(dec.) 26.2 

8 2,6-Dichlorobenzyl >300(dec.) 22 

9 2,4,6-Trimethylbenzyl 120.6 16 
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ÖZET  

Bobtaina, E. A. (2017). Bazı Yeni 4,4’-Diflorobenzhidril Türevleri Üzerine 

Sentez ve Sitotoksisite Çalışmaları. Yeditepe Üniversitesi Sağlık Bilimleri Enstitüsü, 

Farmasötik Kimya Yüksek Lisans Programı Tezi, İstanbul. 

Bu çalışmada, N-[2-(4-sübstitütepiperazin-1-il)asetil]-N’-[bis-(4-florofenil)metil]-

piperazin yapısı taşıyan dokuz yeni bileşik sentezlenmiştir. Bileşiklerin in vitro sitotoksik 

aktivitelerine kamptotesin (pozitif kontrol) ve 5-florourasil (referans) ile karşılaştırmalı 

olarak bakılmıştır. 

Başlangıç maddesinin eldesi için, 1-[4-Bis(4-florofenil)metil]piperazine kloroasetil 

klorür ile N-asetilasyon yapılmıştır. N-(kloroasetil)-N’-[bis(4-florofenil)metil]piperazinde 

bulunan klorun çeşitli piperazin türevleriyle yer değiştirmesi sonucu hedef bileşikler 

kazanılmıştır.  

Sentezlenen bileşiklerin fiziksel özellikleri belirlenmiş, yapıları spektral yöntemler 

(UV, IR, 1H-NMR, 13C-NMR, kütle spektrometri) ve elementel analizle doğrulanmıştır. Ek 

olarak, sitotoksik özellikleri in vitro NCI-60 Sulforodamin B (SRB) Testi ile Huh7 

(hepatoselüler), MCF7 (meme) ve HCT116 (kolorektal) insan kanser hücre hatlarına karşı 

değerlendirilmiştir. 

Aktivite verisine göre, bileşiklerin çoğu hepatoselüler (Huh7) ve kolorektal 

(HCT116) kanser hücre hatlarına karşı 5-florourasilden daha sitotoksiktir. Fakat, meme 

(MCF7) kanser hücre hattında tüm benzhidrilpiperazinler 5-florourasilden daha düşük 

sitotoksisiteye sahiptir. Huh7 hücre hattına karşı en aktif bileşik m-metoksifenil türevi 

(bileşik 5; GI50 = 7.04 µM), kolorektal (HCT116) hücre hattına karşı en aktif bileşik p-

klorofenil türevi (bileşik 1; GI50 = 4.36 µM) olmuştur.  

Anahtar Kelimeler: Antikanser, benzhidrilpiperazin, sitotoksisite, piperazin, 

sulforodamin B 
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Tablo. Sentezlenen bileşiklerin (1-9) yapıları. 

NN

O

N N R

F

F  

Bileşik R E. D. (°C) Verim (%) 

1 p-Klorofenil 179 30 

2 o-Hidroksifenil >300(dec.) 35.5 

3 p-Metilfenil 194.3 18 

4 m-Metilfenil >300(dec.) 24 

5 m-Metoksifenil >300(dec.) 40 

6  Benzoil >300(dec.) 59 

7 2,4-Diklorobenzil >300(dec.) 26.2 

8 2,6-Diklorobenzil >300(dec.) 22 

9 2,4,6-Trimetilbenzil 120.6 16 
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1. INTRODUCTION and PURPOSE 

Cancer occurs when alterations in normal cells of the body lead to abnormal growth 

causing a tumor. Tumor develops and spreads into the normal tissue by blood vessels and 

lymphatic circulation [1]. World Health Organization (WHO) showed that 4% of all cancers 

are genetic and the majority of tumors cells are substantially related to lifestyle, diet, and 

environment, a weak or nonfunctioning immune system, poor health, unhealthy 

environment and elderly age [2]. There are several types in cancer diffusion, but the worst 

cases worldwide are lung cancer, for which an estimated 158.080 deaths are expected to 

occur in 2016. Breast cancer is one of frequently diagnosed cancer and the most common 

type that leads to death in women, hopefully rate is decreased by 36% from 1989 to 2012 

due to early diagnosis and treatment options. Liver cancer death rates have been tripled since 

1980. From 2008 to 2012, the rate was increased by 3.5% per year among those above 50 

years old but decreased by 3.9% per year among those below 50 years old. Colorectal cancer 

is the third commonly diagnosed cancer in both men and women, however with early 

detection and treatment, mortality lessened by 2.8% from 2003 to 2012 [3].  

Some reproducing tumor cells and normal cells can take up cytotoxic agents more 

than resting cells (Go). Most effected cells belong to hair follicles, bone marrow and 

digestive tract. Therefore, cancer chemotherapy causes serious problems and side effects 

like hair loss, immune system suppression together with nausea or diarrhea [4]. 

 The aim of chemotherapeutic agents is to inhibit the cell cycle process during cell 

division, because cancer cells can be replicated faster than normal cells. The mechanism of 

action of these agents is nonspecific against cancer and normal cells. Additionally they are 

linked with high toxicity. Evaluation of the principles of cancer biology and cellular 

signaling pathways is aimed to understand the mechanisms of anticancer agents [5]. 

Piperazine is a common heterocycle for lead compounds. Piperazine based research 

describes its features in both chemical and pharmacological aspects. Antineoplastic activity 

of compounds that have piperazine core as an important backbone is studied thoroughly [6-

8]. Imatinib, a breakthrough discovery for the treatment of chronic myeloid leukemia 

(CML), is an inhibitor of BCR-ABL tyrosine kinase [9]. 
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Imatinib 

Several benzhydrylpiperazine derivatives are informed to have good antihistaminic 

activities [10-13], with many drugs in the market, such as cetirizine. Benzhydrylpiperazine 

derivatives also show many bioactivities such as antimicrobial, anticancer, and cardio 

protective activity [13]. 

 

Cetirizine  

Benzhydrylpiperazine has become crucial motif for improving antiproliferative 

activity of several compounds [14-19]. Kumar et al. showed growth inhibition of several 1-

benzhydrylpiperazine derivatives reacted with acid chlorides, sulfonyl chlorides and 

isothiocyanates. These novel compounds have interesting growth inhibitory effects against 

four human cancer cell lines breast cancer (MCF-7), liver cancer (HepG-2), colon cancer 

(HT-29) and cervix cancer (HeLa) cell lines [14].   

 

N

N

N

HN

CH3HN

O

N N CH3

N N

O

OH

O

Cl
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R= isoxazol-5-yl; morpholine-4-yl phenyl; pyrrolidinyl;           R1= (4-Cl,2-F)phenyl; Camphoryl           

cyclopropyl 

 

           R2 = 2-OCH3, 3-OCH3, 4-OCH3; 2-Cl, 3-Cl, 4-Cl; 4-F; 2,4-diCl   

In addition, Gurdal et al., synthesized several benzhydrylpiperazine derivatives that 

possess potential cytotoxic activity against liver, breast, and colon cancer cell lines. 

Structures are given below for the most active compounds. Among all derivatives, 

compounds 1, 2 and 3 given below were found to be most promising structures [18,19]. 

 

N N

HN

S

R2

N

N NH

O
CN

Cl

N

N NH

O

1 2

N N S R

O

O

N N

O

R1
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This study aims to synthesize and purify novel compounds bearing 4,4’-

difluorobenzhydrylpiperazine core as potent cytotoxic agents. We targeted to build structure 

activity relationships for 4,4’-difluorobenzhydrylpiperazine derivatives based on their 

cytotoxicity profiles. 

Table 1.1. Structures of the synthesized compounds 

NN

O

N N R

F

F  

Compound R M. P. (°C) Yield (%) 

1 p-Chlorophenyl 179 30 

2 o-Hydroxyphenyl >300(dec.) 36 

3 p-Methylphenyl 194.3 18 

4 m-Methylphenyl >300(dec.) 24 

5 m-Methoxyphenyl >300(dec.) 40 

6  Benzoyl >300(dec.) 59 

7 2,4-Dichlorobenzyl >300(dec.) 26 

8 2,6-Dichlorobenzyl >300(dec.) 22 

9 2,4,6-Trimethylbenzyl 120.6 16 

N

N

O

F

F

Br

3
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2. LITERATURE REVIEW 

2.1. Piperazine    

Piperazine is a heterocyclic compound containing four carbons and two nitrogens at 

1st and 4th position (also called as 1,4-hexahydropyrazine) [20].  

N
H

N
H  

Piperazine 

Piperazine is classified as a secondary amine and due to the inductive effect of the 

second heteroatom, piperazine is a weaker base with pKa 9.8   [21]. 

2.1.1. Methods of Synthesis  

 The first synthesis method of Piperazine was reaction of alcoholic ammonia and 

ethylene chloride [22]. 

NH3 NH NHCl
Cl +

Ethanol

 

       Various catalysts such as Raney nickel is used for synthesis of piperazine by 

cyclodehydration of N-(2-hydroxyethyl)ethenediamine [23]. 

N
H

N
H

+ OH2

NH2

NH

OH

Raney Ni

 

Diethylenetriamine is heated with Raney nickel in autoclave to improve the yields 

[24]. In a collateral research by Kyrides et al. piperazine was gained in good amount when 

nickel catalyst was reacted in 236 °C with 73 atm in an autoclave [25].    
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Ni
N
H

N
H

+ NH3NH2

NH
NH2

 

 The heating of ethanolamine and ammonium chloride at 250°C leads to formation 

of piperazine  [26]. 

OH
NH2

NH
4
Cl+

N
H

N
H

-+

 

Piperazine was synthesized in presence of ethylenediamine and oxirane [21]. 

NH2

NH2
+

O

+ NH
OHNH2

N
H

N
H

+ OH2

 

Piperazine is synthesized from ethylenediamine and glyoxylate esters to produce 

3,4-dehydropiperazine-2-one, then reduction with agents such as lithium aluminum hydride 

(LiAIH4),  sodium borohydride (NaBH4),  aluminum hydride (AlH3), potassium borohydride 

(KBH4) or diborane (B2H6) [27]. 

NH2

NH2

H O R
1

O O

+

N

N
H

O

Red.
N
H

N
H  

 

 

 



7 
 

2.1.2. Spectral Properties of Piperazine  

2.1.2.1. UV Spectroscopy  

Piperazine shows absorption in the UV region at 260 nm (A=0.035) and 280 nm 

(A=0.010) [28]. 

2.1.2.2. 1H-NMR Spectroscopy  

 Piperazine CH protons appear at 2.84 ppm in deuterated chloroform (CDCl3) [21]. 

2.1.2.3. 13C-NMR Spectroscopy  

Carbons of piperazine are seen at 47.9 ppm in deuterated chloroform (CDCl3) [21].  

2.1.2.4. IR Spectroscopy  

  N-H stretching vibrations of piperazine give sharp singlet at 3250 cm-1. C-H 

stretching bands appear at 2950-2700 cm-1 [28].  

 2.1.2.5. Mass Spectroscopy  

The m/z values of Piperazine. 6H2O in mass spectrum are 86 (M+), 56, 44 and 30. 

Base peak corresponds to the fragment NHCH2CH2˥
+ (m/z = 44) [29].  

2.1.3. Biological Properties of Piperazine  

Piperazine is a highly significant heterocycle in drug design studies. Several 

candidates that are in clinical use having piperazine moiety possess broad biological 

activities are counted as anticancer (i.e. imatinib), analgesic and antiinflamatory (i.e. 

antrafenine, psychoactive (i.e. fipexide), antierectile dysfunction (i.e. sildenafil, vardenafil), 

serotonin receptor agonist (i.e. quipazine), antianginal (i.e. trimetazidine, ranolazine) [13, 

30], anxiolytic and antidepressant  (i.e. amoxapine, buspirone, gepirone [13, 31, 32]),  

antipsychotic (i.e.fluphenazine, perphenazine, clozapine, prochlorperazine, perazine [13, 

33, 34]),  antihistaminic (i.e  cinnarizine, cyclizine [13, 35-37]), antibacterial (i,e, 

norfloxacin, ciprofloxacin, levofloxacin) [38-42], antifungal (i.e. itraconazole, posaconazole 

[43]). 
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2.1.3.1. Antibacterial Activity  

Some piperazinyl fluoroquinolone derivatives have been synthesized and found to 

have good antibacterial activity [13, 44, 45]. 
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R1= Cyclopropyl, ethyl; R2= H, -OCH3; R3= Aryl; R4= -H, -CH3  
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2.1.3.2. Analgesic and Anti-inflammatory Activity  

Some alkylpiperazine derivatives have been published for their potent analgesic 

activity higher than the reference compound indomethacin [13]. 

N

N

R1

(CH2)n
N

N

O

R2

 

R1= -Cl, OCH3; R2 = -Cl, -CH3; n=1-3 

Kono et al. established and evaluated a novel serious of piperazine derivatives for 

their analgesic activity [13]. 
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2.1.3.3. Anticonvulsant Activity  

 Obnisk et al. synthesized compounds bearing piperazine moiety and screened for 

their anticonvulsant activity by using maximum electric shock (MET). Compounds a and b 

were mentioned as the highest activity ones with ED50 of 20.78 and 132.13 mg/kg 

respectively [13]. 

N

O

O

N

N

R

FF

F

n

 

                                    Compound a. R= -H, n=1 // Compound b. R= -CF3, n=3                           

 Salat et al. also mentioned 2-furanone bearing piperazine derivative, as a potent 

anticonvulsant agent with ED50 of 112 mg/kg in the MES model [13]. 

N

N

O

O
F

F

F

 

 2.1.3.4 Antidepressant Activity  

Many antipsychotic agents having piperazine ring are studied by Matzen et al. and 

screened as antidepressant agent. They show significant serotonin reuptake inhibition [13]. 
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CH3

NH

O

N
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R= 4-F, 5-F, 6-F  

New piperazine derivatives bearing 4-xanthone have been published as potent 5-

HT1A\B\D receptors antagonist [13]. 

N

N N

O

N

NH2

O
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CH3

 

2.1.3.5. Anticancer Activity  

Cytotoxicity potential of a quinolone derivative was determined using human oral 

epithelial mouth cancer (KB) cell lines to show an IC50 value of 4.91 ± 1.94 µg/mL and 

human squamous cancer (A431) cell lines to have an IC50 value of 3.11 ± 0.52 µg/ml [13]. 
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Hou et al. reported 4-substituted-piperazine-1-carbodithioic acid esters having 

anticancer activity with IC50 values of 5.3 and 11.5 µM against human promyelocytic 

leukemia cell lines (HL-60)  and hepatoma cell lines (Bel-7402) respectively [13]. 

NH N

S

S

N

 

A thiosemicarbazone derivative has been reported to have cytotoxic activity against 

gastric cancer (SGC-7901) cell line with IC50 value of 0.032 µM [13]. 

N

N

N

NH
N

SNN

CH3

 

Compounds modified by Ranise et al. were found to have cytotoxic activity at low 

concentrations versus renal cancer cell lines (ACHN) and lung cancer cell lines (NCl-H226) 

with Gl50 of 0.13 µM for both [46]. 

N

N

N

S O

ClR
R1

 

R= CH3, C6H5; R1= CH3, C6H5             
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To evaluate cytotoxicity the Sulforhodamine B (SRB) test was used to a 

quinoxalinyl-piperazine derivative and the compound has potential anticancer activities 

against breast cancer (MDA-MB-231), renal cancer (Caki, UMRC2) cell lines, pancreas 

cancer cell line (PANC-1), adenocarcinomic human alveolar basal epithelial cell line 

(A549), gastric cancer cell line (MKN-45), hepatoma cell line (HepG2), colorectal 

carcinoma cell lines (HCT-115, HCT-116, HT29), prostate cancer cell line (PC-3),  glioma 

stem cell (U251), cervical carcinoma cells (HeLa),  human melanoma (Sk-MEL-28), and  

ovarian cancer cell lines (OVCAR-3). Lee et al. reported that compound inhibited cell cycle 

in G2\M phase and induced the apoptosis by down regulation of Bcl-2 protein level also 

inhibited growth of previously mentioned cancer cell lines. Furthermore, Lee et al. reported 

the compound has potential use for combination therapy with known cancer drugs [47]. 

NN
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O CH3
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NH

O

N

N

O
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Patel et al. prepared a piperazinyltriazine derivative against prostate cancer cell lines 

(DU-145), with the GI50 value of 24.6 µg/mL at concentration level 47.1 µg/mL[48]. 
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2.2. Benzhydrylpiperazine Derivatives  

2.2.1. Methods of Synthesis  

Benzhydrylpiperazine derivatives are commonly synthesized with Grignard reagents 

from benzaldehydes or through reduction of benzophenones. Afterwards, halogenation of 

the alcohol is provided with thionyl chloride. Piperazine is then condensed with 

benzhydrylchlorides in hot and alkali medium [49-51].  

O

H +

MgBr

O

OH

reduction

base

NH NH

N NH

Cl

SOCl2

 

 

Chlorcyclizine derivatives were prepared by Eschweiler-Clarke methylation 

following carbethoxy protection on piperazine ring [52].  
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NH

NH

CH3

ClCOOCH3

pH 3-3,5

HCOOH

HCHO

N

N
CH3

CH3

O

O

CH3

HCl

NH

N
CH3

CH3

+
Cl

Cl

reflux in xylene,
32-64 hrs

Cl

N

N
CH3

CH3

N

NH

CH3

O

O

CH3

Na2CO3

 

For the synthesis of antihistaminic drug cetirizine alkylation of the ethyl 1-

piperazinecarboxylate with 4-chlorobenzhydrylbromide and hydrolysis of piperazine 

intermediate later yields cetirizine. Reaction of norchlorcyclizine with 2-(2-

chloroethoxy)acetonitrile, sodium carbonate, potassium iodide and n-butanol at 110ºC for 

11 hours produced nitrile bearing derivative which was hydrolyzed to obtain cetirizine [53]. 
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1. KOH/
aq.EtOH/

reflux, 10 hrs

2. conc. HCl

N

N

O

OH O

Cl

Norchlorcyclizine

Cetirizine  

Song and coworkers reported the synthesis of benzhydrole intermediate by reducing 

benzophenone with sodium borohydrate in valuable yield. Afterwards, halogenation with 

thionyl chloride to collect benzhydryl chloride and condensation of piperazine in 

methylnitrite solution were performed to collect 1-benzhydrylpiperazine [54]. 
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2.2.2. Spectral Properties of Benzhydrylpiperazine Derivatives    

2.2.2.1. 1H-NMR Spectroscopy 

Benzhydrylpiperazine N-H proton gives broad singlet at 2.2 ppm [55]. Piperazine 

CH protons of 1-[bis(4-fluorophenyl)methyl]piperazine derivatives gives two triplets at 2.19 

- 2.29 ppm and 3.11- 3.48 ppm in order. Diphenylmethyl C-H gives a singlet at 4.25 - 4.59 

ppm. Phenyl protons are observed as multiplet at 7.15-7.46 ppm [18]. 

2.2.2.2. 13C-NMR Spectroscopy 

 Piperazine carbons of 1-benzhydrylpiperazine derivatives are seen at 50 - 54 ppm, 

diphenylmethyl carbon is observed at 75-85 ppm. Similarly, 1-[bis(4-

fluorophenyl)methyl]piperazine derivatives give signal at 52.5 ppm and 54 ppm for 

piperazine and a peak at 84.5 ppm due to diphenylmethyl carbon [56]. 

2.2.2.3. IR Spectroscopy 

N-H stretching vibrations of 1-[(4-fluorophenyl)(phenyl)methyl]piperazine appear 

at 3258-3359 cm-1. Furthermore, C=O stretching vibrations of benzhydrylpiperazine 

carboxamide appear at 1615-1640 cm-1. Other stretching signals are as following; C-H 

aromatic at 3027-3076 cm-1, C-H aliphatic at 2965-2976 cm-1, C=C at 1540-1626 cm-1, C-

N at 1247-1259 cm-1 [18]. 
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2.2.2.4. Mass Spectroscopy 

1-[Bis(fluorophenyl)methyl]piperazine molecular ion has (m/z) (M+); 290.0 ( (4-F-

C6H5)2CH[N(C2H4)2N]H˥+ ;  203.55 (100%, (4-F-C6H5)2CH˥+ ) [18]. 

2.2.3. Biological Properties of Benzhydrylpiperazine Derivatives   

  Most of the benzhydrylpiperazines in clinic are in class of first and second 

generation of antihistaminic drugs. In addition to their antiallergic actions, first generation 

drugs are also effective against motion sickness. Their sedative side effect is highly 

overcome by second generation antihistaminics. 

Table 2.1. Therapeutically used antihistaminics bearing benzhydrylpiperazine structure  

NNR

R1

R2 

Compound R1 R2 R 

Cyclizine -H -H Methyl 

Chlorcyclizine -H -Cl Methyl 

Meclizine -H -Cl 3-Methylbenzyl 

Buclizine -H -Cl 4-(Tert-butyl)benzyl 

Cinnarazine -H -H 1-(Phenyl)propen-3-yl 

Hydroxyzine -H -Cl 2-(2-Hydroxyethoxy)ethyl 

Cetirizine -H -Cl 2-(Carboxymethoxy)ethyl 

Oxatomide -H -H 3-(1,3-Dihydro-2H-benzimidazol-2-on-1-yl)propyl 

Flunarizine -F -F 1-(Phenyl)propen-3-yl 
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The polarity of second generation antihistaminic drugs make them less able to pass 

through the blood brain barrier therefore their side effects related to central nervous system 

are decreased. Bioactive metabolite of hydroxyzine is cetirizine that is polar and amphoteric, 

i.e able to create a zwitterion with a tertiary amine and carboxylic acid functional group. As 

a result, the drug’s sedative effects are decreased [57]. 

N N

O

OH

Cl

N N

O

OH

O

Cl

(O)

 

Oxidative biotransformation of hydroxyzine to cetirizine. 

2.2.3.1 Antihistaminic Activity  

Piperazine H1 blocker, with higher affinity to H1 receptors than the histamine, are 

usually useful for treatment of allergies. Through these drugs, levocetirizine is third 

generation antihistaminic drug, regularly recognized for its high efficiency and less side 

effects. Levocetirizine derivatives are broadly studied as potent histamine receptors 

antagonist [58]. 

NN

H

(CH2)n

Cl

R

 

n= 2, 3; R=Sulfonamide 
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Paul et al. published a benzhydrylpiperazine derivative with good antiasthma 

activity. Those compounds have potent basophil activity when tested for in vitro activity in 

the mouse passive cutaneous anaphylaxis (PCA) and the guinea pig passive anaphylaxis test 

[59].  

N

N

N

N

N

N

 

2.2.3.2. Dopaminergic Activity 

Sasse et al. synthesized a benzhydrylpiperazine derivative with good dopaminergic 

activity. Benzhydrylpiperazine carrying structures gave remarkable selectivity at D2 

receptors. The present of chlorine substituent allow the structure to have a good hydrophobic 

interaction with dopamine D3 receptor [60]. 

N

N
R

R2

R1
 

R= naphtalen-2-carboxamide, cinnamide, benzo[b]thiophene-2-carboxamide, 

cyclohexylcarboxamide; R1= -H, 4-Cl, 2-OCH3; R2= -H, -OCH3 
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Jung et al. synthesized a chiral piperazylpropylisoxazoline analogue carrying 4-

[bis(fluorobenzhydryl)]piperazine moiety. R-configured chiral ligand exhibited higher 

binding affinity and selectivity for the D3 receptors over D4 receptors than S-ligand [61]. 

N

N

F

F

ON

O

O

CH3

CH3  

 

2.2.3.4. Calcium Channel Blocking Activity 

Flunarizine and lomerizine were introduced earlier as N-type calcium channel 

blocker in therapy, both carrying 4-bis(fluorophenyl)piperazine moieties as the basic 

skeleton [62].  

 

NN

F

F

O

O O

CH3

CH3 CH3

            

NN

F

F  
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Some benzhydrylpiperazine derivatives were reported to inhibit T-type calcium 

channel [63]. 

NN

NH

O

N

R

.HCl

 

                                                                R1= -CH3, -C3H8 

Borzenko et al. synthesized (1-benzhydryl-5-methylpiperazin-2-yl)butanol to have 

a potent N-type calcium channel blocking activity with IC50 of 0.85 µM [64]. 

N

NH

OH

CH3

 

 

2.2.3.5. Central Nervous System Activity  

N-[3-(4-benzhydrylpiperazine-1-yl)-2-hydroxypropyl]arylsulfonamide derivatives 

have been recently prepared and reported as active BACE1 blockers. The most active 

enantiomers presented IC50 values of R-2.3 µM and S-1.9 µM respectively [65]. 
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NN

OHNS

O

O

Cl

 

 Benzhydrylpiperazine cyclohexylurea derivative was reported as cannabinoid 

(CB1) receptor antagonist and useful in reducing body weight in diet-induced obese 

Sprauge-Dawley rats. It showed high potency with Ki = 0.15 nM and selectivity >2000 for 

hCB1 [66]. 

                                                 

N

N

Cl

Cl

CH3

NH

O  

N-cyclohexyl-4-[1-(2,4-dichlorophenyl)-1-(p-toly)methyl]piperazine-1-carboxami-

de was synthesized in a recent study by Gao et al. and the result indicated (R) configured 

ligand is highly potent and selective as hCB1 inverse agonist with Ki-CB1 = 0.15 nM, EC50 = 

0.87 nM [67]. 
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N

N

CH3

Cl Cl

H

O

 

Following benzhydrylpiperazine derivative was shown to have a potent and full 

antagonistic action and preferable binding to 5-HT7R [68]. 

N

NN

N
H

OH

F

CH3

O

O  

Some benzhydrylpiperazines were found to have antiobesity activity by inhibition 

of carnitine palmitoyl transferase enzyme [69]. 

N

N

F

F
NH

R

O  

R=2-Phenylethyl, 2-ethylphenyl, 4-heptyloxyphenyl, 4-chlorophenyl, 4-methoxybenzyl 
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2.2.3.6. Antimicrobial Activity  

Chandra et al. synthesized benzhydrylpiperazine derivatives, which is effective 

against different types of bacteria and the range of minimum inhibitory concentration value 

is 30-169 µg\ml [13]. 

N

N
F

F

CH3

NN

F

F

S

O

O

R

 

         R=4-Cl / 2,6-diCl 

Patel et al. developed 2-[(4-cyano-3-methyl)phenylamino)-4-(4-(quinazolinyloxy)-

6-benzhydrylpiperazinyl]triazine with highly potent antibacterial activity at MIC of 6.25 

µg\ml [13]. 

N

N
Cl

N

N

N

NH

N

CH3

O
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In many studies, benzhydrylpiperazine derivatives showed good antibacterial 

activities against Mycobacterium tuberculosis [70-72].  
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A series of novel 1-benzhydrylpiperazine sulfonamide and benzamide derivatives 

were synthesized by Kumar et al. and reported for their potent antibacterial activities [73]. 
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N
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N

N

O

R

 

R = 4-Chloro; 2,5-dichloro  R=2,4-Dichloro; 2-fluro; 2,6-difluro; 3,5- dinitro  

 

Following benzhydrylpiperazine derivatives were described to have good 

antibacterial activity against Bacillus subtilis, Staphylococcus aureus, Micrococcus luteus, 

Shigella dysenteriae, Escherichia coli, Proteus vulgaris, and Salmonella typhi. As well as, 

benzhydrylpiperazine reported for their antifungal activity against Candida albicans, 

Sacchorromyces cerevisiae [74]. 

R

N

N

O

N
X

N

Cl

 

X = -N, -C; R = H, 4-NO2, 2-CH3-4-NO2, 2-C6H5, 2-CH3 

Chloroquine derivative benzhydrylpiperazine was informed to have potent 

antimalarial activity [75]. 
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  2.2.3.7. Anticholinesterase Activity 

Many 1-[bis(4-fluorophenyl)methyl]piperazines were reported as 

acetylcholinestrase inhibitors [76]. 
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2.2.3.8. Antiallergic Activity 

Benzhydrylpiperazines have been reported to relieve anaphylaxis [77]. 
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2.2.3.9. Antiviral Activity  

Chern et al. synthesized pyrazolo[3,4-d]pyrimidines carrying diphenylmethyl-

piperazine  moiety with in vitro antiretroviral activity [78]. 

N

N

NN

N

N

R

 

R= -H, 4-Cl, 4-Br, 4-CH3, 4- CF3, 4-CN, 3-CN, 2-CH3 

A benzhydrylpiperazine derivative has been published for its activity against human 

immunodeficiency virus (HIV-1)[79]. 

 

N

NN
N

O

CH3

N

OH

H

 

Benzhydrylpiperazines inhibit cholesterol-dependent cellular entry of hepatitis C 

virus. Hydroxyzine and chlorocyclizine were shown to suppress the infection of HCVcc 

with estimated IC50 values of 19 and 2.3 nM respectively [80].   
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N
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CH3  

2.2.3.10. Anticancer and Cytotoxicity Activity 

In vitro antitumor activities of benzhydrylpiperazine derivatives were evaluated by 

MTT method on four cancer cell lines, including, HCCLM-7 (liver), Hep-2 (larynx), MDA-

MB-435S (mammary adenocarcinoma), and SW-480 (colon). Huang et al. synthesized and 

evaluated benzhydrylpiperazine derivatives which inhibit the cell cycle in resting phase and 

first growth phase and induce apoptosis on Hep-2 cells [15]. Furthermore, 

benzhydrylpiperazine derivatives bearing chromone moiety are published as potent 

antiproliferative effect [16]. 

  

N

N
F

F

O

O    

N

N

F

F

S

O

O

                                                     

By using MTT assay Kumar et al. reported the potential cytotoxic effect of 1-

benzhydrylpiperazine derivatives. Compounds were found to have high antitumor activities 

against MCF-7 (breast cancer cell line), HepG (hepatocellular cancer cell line), HeLa (cervix 

cancer cell line) and HT-29 (colon cancer cell line). Variation in the functional group at N-

terminal of piperazine showed good antiproliferative activity versus above cell lines [14]. 
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N
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S

R
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O

                                

N

NR

O                           

R= (4-Cl-2-fluoro)phenyl;   camphoryl;  R= isoxazol-5-yl; morpholine-4-yl phenyl;   

2,2,2-trifluroethyl                                            pyrrolidinyl; cyclopropyl 

                

NN

NH

S

R

 

R = 2-OCH3, 3-OCH3, 4-OCH3; 2-Cl, 3-Cl, 4-Cl; 4-F; 2,4-diCl 

In another study published by Gurdal et al., benzhydrylpiperazine carboxamide, 

thiourea, benzamide and sulfonyl derivatives were screened for their cytotoxic activity by 

sulforhodamine B assay. Cytotoxicity of the synthesized compounds was tested on (Huh7, 

MCF-7 and HCT-116) cancer cell lines. In general, compounds presented higher 

cytotoxicity against cancer cell lines than reference drug 5-fluorouracil. Interestingly, 4-

chlorobenzhydylpiperazine derivatives were more active than benzhydrylpiperazine and 

4,4’-difluorobenzhydrylpiperazine derivatives. Furthermore, thioamide derivatives had 

much higher cytotoxicity than their carboxamide analogs and benzamide structures were 

highly active against HCT-116 colon cancer cell line [18,19]. 
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R1= Cl, F;  R2 =H, F;  

R3 = 4-Bromophenyl; 2,6-dichlorophenyl, 4-cyanophenyl 

 

R1=-F, -Cl; R2=-F, -H;                               R1= -F, -Cl; R2= -F, -H; R3=3-Br, 4-Br  

R3=2-CH3, 2,4,5-triCl, 4-NO2 
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2.2.3.11. Other Activities 

A benzhydrylpiperazine derivative was reported for its high antioxidant activity [81]. 

N

N

F

F
NH

OH

 

Dhainaut et al. synthesized benzhydrylpiperazine derivatives that act as multidrug-

resistance modulators [82]. 

N

N
XN

NN

NH

CH2

NHCH2

R

R 

R= -F, -Cl 

X= -NH-, no spacer 

A benzhydrylpiperazine derivative was found as a good α1 adrenergic receptor 

antagonist [83].     
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Santhoshi et al. synthesized 1-benzhydrylpiperazine derivative with good ACE 

inhibitory activity with IC50 value 0.874 mM [84]. 
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Following benzhydrylpiperazine derivatives were reported to have anthelmintic 

activity [85].  
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R1= -H, -CH3 
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2.3. Biological Activity  

2.3.1. Cancer 

Cancer is explained by abnormal cell growth mechanisms that govern cell survival, 

proliferation, and differentiation.  The aim of antitumor agents is to decreased the number 

of tumor cells and avoid their aggregation. 

The burden and behavior of specific types of cancer are related to many factors, 

involving sex, age, race, inherited genetic effect, as well as, lifestyle, tobacco use, physical 

inactivity, and diet. Moreover, exposure to ionizing radiation and environmental pollutants 

have been reported as important risk factor for many cancer cases. Additionally, several 

viruses have been reported as significant factor to cause human tumors. For instance, 

hepatitis B (HBV) and hepatitis C (HCV) may lead to hepatocellular carcinoma, whereas 

HIV is associated with Hodgkin’s and non-Hodgkin’s lymphomas, also human papilloma 

virus (HPV) is related to cervical cancer. 

Cancer is often treated with combination of radiotherapy, surgery, chemotherapy, 

and targeted therapy. Diagnosis at early stages may prevent further development of disease 

and increase curing rate with local treatment. In patients suffering from locally advanced 

disease, chemotherapy is usually combined with radiotherapy to render surgery more 

efficient. In contrast, chemotherapeutics alone are able to cure less than 10 % of cancerous 

tumors when the disease is diagnosed at late stages [86]. 

2.3.1.1. Significant regulations on the Cell and Cancer  

 Two main principles of cell cycle mechanisms;  

o Cell proliferation (DNA replication) and mitosis to manufacture new cells,  

o Cell differentiation to produce specialized cells. 

Cell cycle or cell division is an important event that takes place in cell, leading 

replication of DNA to produce several cells. Furthermore, mechanisms are managed through 

chemical signals such as growth factors or growth inhibitors. Growth factors serve as signals 

that force the cell to move through the cell cycle in order to divide. Several cells able to 
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apply a negative feedback loop to equalize the effect of growth factors, when any defect 

takes place in cell, generation of growth inhibitor decreased and amount of DNA replication 

raise until the defective cells are fixed [87]. 

Growth factors are able to activate cellular proliferation and / or differentiation. In 

cancer cells, the cell cycle regulation systems has defect. For instance, tumor cells may over 

produce chemical signals (i.e. epidermal growth factors, EGF), under express growth 

suppressor gene (i.e. p53) or over express growth factor receptors. Irregular stimulation of 

growth factors or reduced expression of suppressor will cause unusual and raising cell 

replication. As a reason, it is believed that proto-oncogenes that control cellular life are 

changed into oncogenes. At the end, oncogenes modify normal cellular regulation by 

stimulating processes that support cellular replication [87]. 

 Some effective cytotoxic drugs are able to inhibit cell proliferation; therefore, they 

could block activity of the cells that are in process of division. Thus, regular tissues that has 

rapid replication (i.e. bone marrow, hair follicles and intestine epithelium) highly sensitive 

towards damaging of cytotoxic agents. All cells undergo the same cell cycle division stages 

which may describe as follows: 

1. Presynthetic phase - Gap1 (G1); increased cellular size and G1 checkpoint control 

mechanisms ensure that process is ready for DNA replication. 

2. Synthesis phase (S); DNA synthesis occur in this phase. 

3. Post synthetic phase - Gap2 phase (G2); is an interval of protein synthesis and fast 

cell growth to set the cell for mitosis phase.  

4. Mitosis phase (M) - cell growth stops at this stage and the cellular energy is focused 

on the orderly division into two daughter cells.  Metaphase checkpoint ensures that 

the cell is ready to complete cell division [88]. 
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Scheme 2.1. Cell cycle phases [89]  

2.3.1.2. Screened Cancer Cell Types  

2.3.1.2.A. Breast Cancer  

Breast cancer is most common invasive cancer in females worldwide according to 

public health and society. Recently breast cancer rate have raised and become difficult to 

manage. 

Amongst several danger factors, sex and age are the most significant factors. The 

breast cancer cases are most commonly found in females, while, male breast cancer is seen 

rarely. Considering age factors, breast cancer is more common in elder women.  

Women in wealthy countries are under risk due to life-style associated choices like 

unhealthy food, hormonal exogenous drugs and drinking much alcohol. About one-third of 

breast cancers are related to genetic reasons, caused by mutant genes. 

Chemotherapy weakens and destroys cancer cells in the body, by inhibition of 

hormone synthesis or blockage of hormone receptors. Inhibition of aromatase function cause 

inhibition of hormone synthesis. Aromatase is an enzyme which is a key regulator 
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responsible for the synthesis of estrogen by converting androgens into estrogens through 

aromatization process.  

  Tamoxifen is the oldest and most prescribed of selective estrogen receptor 

modulators (SERMs), which have selectivity binding to estrogen receptors on specific cells.  

 

Tamoxifen 

There are several chemotherapeutic agents used to treat breast cancer such as 

doxorubicin, cyclophosphamide, mitoxantrone, methotrexate, vincristine and paclitaxel 

[90]. 

2.3.1.2.B. Hepatocellular Carcinoma (HCC) 

Hepatocellular carcinoma occurs more often in men than women. Nowadays liver 

cancer is the third type of cancer that leads to death in worldwide. The epidemic diffusion 

of hepatitis B and C substantially increased chronic liver disease and posterior development 

of hepatocellular carcinoma. 

Liver cirrhosis is a common reason for HCC. In addition, hepatitis C virus causes 

increase in epidemic in USA and Europe [91]. 

Several systemic chemotherapeutics such as doxorubicin, cisplatin, floxuridine, 

epirubicin, and mitomycin are the most effective drugs for treating localized HCC. 

Systemic therapy of metastatic HCC is obtained with chemotherapeutics involving 

anthracyclines, doxorubicin, 4-epidoxorubicin, and mitoxantrone [92]. 

CH3
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N
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CH3
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2.3.1.2.C. Colorectal Cancer 

Colorectal tumor has nearly same diagnosed for men and women; however rectum 

cancer is widely counts in men. 

Risk factors for colorectal cancer include life style, elderly, and gene mutation. Other 

dangerous factors involve tobacco and alcohol consumption, and exposure to radiation.  

For early diagnosis, the most convenient method is colonoscopy. Recently they used 

Sigmoidoscopy method for screening of patient against cancerous polyps [93]. 

Combination therapy of 5-fluorouracil and leucovorin (5-FU/LV) or 5-fluorouracil 

and levamisole (5-FU/LEV) are used for relieving of stage III colon tumor. Patient receives 

5-FU/LV plus irinotecan or oxaliplatin as adjuvant treatment [94].  

2.3.1.3. Cancer Treatment 

Presently, nearly 50% of patients who are early diagnosed with tumor can be cured. 

In contrast, chemotherapy alone is able to treat less than 10% of all cancer patients when the 

tumor is discovered at an advanced stage. Specific methods of tumor treatment are used 

involving surgery, radiotherapy, immune therapy, gene therapy, and cytotoxic agents. 

Commonly, combined therapy has improved clinical outcomes, such as in surgery in 

combination with chemotherapy [86]. 

2.3.1.4. Cancer Chemotherapy  

2.3.1.4.A. Drugs Interacting Directly with DNA 

 Alkylating agents (e.g. nitrogen mustard, aziridines, triazenes, nitrosoureas, 

hydrazines), block DNA synthesis by formation of cross links with DNA strand, some 

cytotoxic antibiotics (e.g. actinomycin D) stabilize DNA by intercalation between cytosine 

and guanine base pair. In addition, due to formation of intra and interstrand cross links 

between organic heavy metals (e.g. cispatin and oxaplatin) and nucleic acid, as a result DNA 

and RNA replication are blocked [86]. 
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2.3.1.4.B. Drugs Interfering with DNA Synthesis  

 Chemotherapeutic agents are able to interfere with DNA synthesis in S-phase of the 

cell cycle by inhibiting the responsible enzyme. For instance, antimetabolites such as 

methotrexate, inhibit action of dihydrofolate reductase which is responsible for the 

formation of tetrahydrofolate from dihydrofolate [86,95]. 

2.3.1.4.C. Mitotic Inhibitors  

The two notable agents in this class are vincristine and vinblastine. They are mitotic 

spindle poisons that bind to tubulin, the binding block of the microtubules, this inhibits 

functions of the spindle during metaphase to destroy mitosis [95]. 

2.3.1.5. In vitro Cytotoxicity Assays    

2.3.1.5.A. XTT/PMS Assay  

In cell biology assays and histochemical localization studies tetrazolium salts are 

commonly used as detection reagents. 2,3-Bis(2-methoxy-4-nitro-5-sulphophenyl)-2H-

tetrazolium-5-carboxamide sodium salt (XTT) and 3-(4,5-di-methylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) are used as an efficient method to measure cell growth 

and drug sensitivity in tumor cell lines and apoptosis assays. XTT is colorless or slightly 

yellow compound that becomes bright orange when reduced, subsequently, reduction of 

XTT is performed to form formazan product which the intensity can be determined by 

colorimetric assay. Actually, XTT is more soluble than MTT so it is more preferred. To 

optimize XTT, the phenazine methosulphate (PMS) is applied as activation reagent induced 

in the XTT in vitro cytotoxic test. However, PMS mediates XTT reduction by catching 

electrons at the cell surface or in plasma membrane and forms a reactive intermediate that 

reduces XTT to formazan product. Furthermore, mitochondrial function, levels of NADH, 

and glucose are important factors for controlling the result of these assay [96, 97]. 

2.3.1.5.B. Neutral Red Assay 

Neutral red assay is widely used for in vitro cytotoxicity screening. Neutral red (3-

amino-7-diethylamino-2-methylphenazinehydrochloride) is used as indicator of 
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cytotoxicity in various cell lines, as it is taken up by living cells and dye is collected in the 

lysosomes [98]. 

2.3.1.5.C. Alamar Blue Assay  

Alamar Blue indicates cellular health by using the reducing ability of viable cells to 

quantitatively measure the proliferation of various cell lines. Alamar blue assay uses the 

mitochondrial reductase to transform resazurin blue to fluorescent resorufin, which can be 

easily measured by colorimetric or fluorometric reading.  [99]. 

2.3.1.5.D. ATP Cell Viability Assay 

Cell viability assay is a homogenous method to determine the number of living cells 

in culture based on quantification of the present ATP. Luminometer is used for measuring 

the light generated using the luciferase-luciferin reagent. A typical apoptotic level exhibits 

a significant decrease in ATP level. Therefore, loss of ATP level in cell indicates cell death. 

Bioluminescent detection of the ATP levels accounts for a rapid screening of apoptosis and 

cell proliferation. The assay is applied by two steps, as the first adding ADP as substrate for 

adenylate kinase and ATP is formed. In the second step luciferase is utilized to catalyze the 

formation of light from ATP and luciferin and the intensity of light can be measured by 

using a luminometer or a β counter [99]. 

2.3.1.5.E. [3H]-Thymidine Incorporation Assay 

A radioactive nucleoside [3H]-thymidine is incorporated into a new strand of DNA 

during mitotic cell division in thymidine incorporating assay. A scintillation beta-counter 

measures the radioactivity in DNA recovered from the cells [99]. 

2.3.1.5.F. Enzyme Release Based Cytotoxicity Assay 

Lactate dehydrogenase release from lysed tumor cells is evaluated for screening 

cytotoxicity [100]. 
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2.3.1.5.G. Sulforhodamine B (SRB) assay  

SRB assay is one of the major techniques used for in vitro cytotoxicity testing, which 

was developed by Skehan et al. in 1990 [101]. 

This assay is used for determination of cell viability, dependent on protein mass. 

Sulforhodamine is an anionic aminoxanthene dye that forms an electrostatic complex with 

basic amino acid remnant under moderately acidic media, and dissociate under basic media. 

Determination of total protein content by using spectrophotometric method follows for 

measurement of cytotoxic activity.    

SRB dye is taken up by living cells, in presence of trichloroacetic acid (TCA), cells 

are lysed and the liberated dye will form more intense color of greater absorbance. 

The SRB assay provides a better linearity with cell number, high sensitivity, and the 

stable end point that does not need time-sensitive measurement and causes lower cost 

[101,102]. 
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3. MATERIALS AND METHODS 

3.1. Chemistry  

3.1.1. Materials 

In this work, 1-[bis(4-fluorophenyl)methyl]piperazine was purchased from 

Chemicals International Turkey. Potassium carbonate, anhydrous sodium sulphate, 

ammonium chloride, hydrochloric acid, and benzene were purchased from Riedel de Häen. 

Triethylamine was purchased from J.T. Baker. Other piperazine derivatives, sulforhodamine 

B, absolute ethanol, methanol, ethyl acetate, n-hexane and dichloromethane were purchased 

from Sigma-Aldrich.   

3.1.2. Methods of Synthesis  

3.1.2.1. Synthesis Method of Starting Compound N-(2-chloroacetyl)-N’-[bis(4-

fluorophenyl)methyl]piperazine [103] 

 

0.01 Moles (2.84 g) of 1-[bis(4-fluorophenyl)methyl]piperazine was dissolved in 35 

ml of dry dichloromethane. Triethylamine (2 ml) was added to the solution in room 

temperature. 0.01 Moles of chloroacetyl chloride (4.2 ml) was dissolved separately in 5 ml 

of dry dichloromethane and the resulting solution was added dropwise into the piperazine 

mixture over 15 minutes. Reaction continued mixing for two days at room temperature. 

Reaction was followed by thin layer chromatography in n-hexane:ethyl acetate (50:50) 

mobile phase and silica gel stationary phase. After the reaction was over, extraction with 

ammonium chloride solution (10%) and distilled water was applied to the reaction medium. 
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Followed by drying on sodium sulphate anhydrous dichloromethane was evaporated to get 

the crude product. Column chromatography with n-hexane:ethyl acetate (5:5) mobile phase 

and silica gel stationary phase gave pure product.  

3.1.2.2. Synthesis Method of Target Compounds N-[2-(4-substitutedpiperazin-

1-yl)acetyl)-N’-[bis(4-fluorophenyl)methyl]piperazine [104] 

 

0.0017 Moles (0.6484 g) of N-(2-chloroacetyl)-N’-[bis(4-fluorophenyl)methyl]-

piperazine was dissolved in dry acetone (20 ml) and 0.0017 moles (0.4167 g) of potassium 

carbonate was added to the solution. After ten minutes of mixing, piperazine derivative 

(0.0017 moles) in 10 ml of acetone was added drop by drop into the mixture. Reaction 

continued mixing for two days at room temperature. Reaction was followed by thin layer 

chromatography in n-hexane:ethyl acetate (10:90) mobile phase and silica gel stationary 

phase. After the reaction was over, potassium carbonate was removed by filtration. Acetone 

was evaporated under vacuum. Solid crude products were crystallized by absolute ethanol.  

3.1.3. Analytical Methods  

3.1.3.1. Melting Point Determination  

Melting points (°C) 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  

Materials: 

Plates : TLC aluminum sheets 20x20 cm silica gel 60 F254 (Merck). 
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Solvent system: Three different solvent systems were prepared to be used in 

chromatographic controls of compounds. 

S-1: Ethyl acetate: n-Hexane                    (90:10) 

S-2: Ethyl acetate: n-Hexane                    (80:20) 

S-3: Ethyl acetate: n-Hexane                    (50:50) 

Method: 

Dragging condition: Solvent systems were poured to chambers and kept for 1 hour 

for adequate 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 light (254/365 nm) and Dragendorff reagent was sprayed over the plate 

in order to visualize orange colored spots of piperazine residues. 

Preparation of Dragendorff reagent [105]:    

Solution I: 2 g Bismuth subnitrate is dissolved in 25 ml acetic acid and 100 ml 

distilled water. 

Solution II: 40 g Potassium iodide is dissolved in 100 ml distilled water. 

Spray solution: 10 ml of solution I, 10 ml of solution II and 20 ml acetic acid are 

mixed and diluted with 100 ml of distilled water.  

3.1.3.3. Purification by Column Chromatography  

Materials: 

Stationary phase: Silica gel - 60 mesh. 

Mobile phase: Ethyl acetate: n-hexane (50:50) 
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Method: 

Column was filled in accordance with wet method. Elution was controlled with TLC 

using silica gel plates and ethyl acetate: n-hexane (50:50), (80:20) 

3.1.4. Spectrometric Analysis  

3.1.4.1. Infrared Spectroscopy 

Infrared spectra were recorded on a Perkin-Elmer spectrum one series FT-IR 

apparatus (version 5.0.1), using potassium bromide pellets, frequencies were expressed in 

cm-1. 

3.1.4.2. 1H-NMR Spectroscopy  

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 chloroform (CDCl3) or dimethyl sulfoxide (DMSO-d6) as solvent. Chemical shifts were 

reported in parts per million (ppm).  

3.1.4.3. 13C-NMR Spectroscopy  

13C-NMR spectra were recorded with aVarian Mercury-400 FT-NMR spectrometer 

(Varian Inc., Palo Alto, CA, USA), using tetramethylsilane (TMS) as the internal reference, 

with chloroform (CDCl3) as solvent. Chemical shifts were reported in parts per million 

(ppm). 

3.1.4.4. Mass Spectrometry 

Mass spectra were recorded with Waters 2695 Alliance Micromass ZQ LC\MS 

instrument (Water Corp., Milford, MA, USA). 

3.1.4.5. Elemental Analysis   

Elemental analysis data were collected by LECO 932 CHNS (LECO-932, St. Joseph, 

MI, USA) instrument. 
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3.2. Anticancer Activity  

3.2.1. Cytotoxicity Analysis of the Compounds  

Cytotoxic activities of the synthesized compounds were investigated on liver (Huh7), 

breast (MCF-7) and colon (HCT-116) cancer cell lines, by means of sulforhodamine B 

(SRB) assays in triplicate. Serial dilutions from 100 µM to 2.5 µM were used, 5-fluorouracil 

(5-FU) was the reference compound and camptothecin (CPT) was the positive control for 

the cytotoxic effect. 

3.2.1.1. Cell Culture 

Human cancer cell lines were grown in Dulbecco’s Modified Eagle’s Medium 

(DMEM) supplemented with 10% fetal bovine serum (FBS) and 1% penicillin. Each cell 

line was maintained in an incubator at 37 °C supplied with 5% CO2 and 95% air. 

3.2.1.2. NCI-60 Sulforhodamine B (SRB) Assay [104] 

Cancer cells (range of 2000 cell/well to 5000 cell/well) were inoculated into 96-well 

plates in 200 µl of media and incubated in 37 °C incubators containing 5% CO2 and 95% 

air. After a 24h incubation period, one plate for each cell line was fixed with 100 µl 10% 

ice-cold trichloroacetic acid (TCA). This plate represents the behavior of the cells just prior 

to drug treatment and is accepted as the time-zero plate. The compounds to be tested were 

dissolved in DMSO to a final concentration of 40 mM and stored at +4 °C. While treating 

the cells with the compounds, the corresponding volume of the compound was applied to 

the cell to achieve the desired drug concentration and diluted through serial dilution. After 

drug treatment, the cells were incubated in 37 °C incubators containing 5% CO2 and 95% 

air for 72 hours. Following the termination of the incubation period after drug treatment, the 

cells were fixed with 100 µl 10% ice-cold TCA and incubated in the dark at +4 °C for 1 

hour. Then the TCA was washed away with ddH2O five times and the plates were left to air 

dry. For the final step, the plates were stained with 100 µl of 0.4% sulforhodamine B (SRB) 

solution in 1% acetic acid solution. Following staining, the plates were incubated in dark for 

10 min at room temperature. The unbound dye was washed away using 1% acetic acid and 
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the plates were left to air dry. To measure the absorbance results, the bound stain was then 

dissolved using 200 µl of 10 mM Tris-Base. The OD values were obtained at 515 nm. 
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4. RESULTS 

4.1. Chemical Data  

N-(chloroacetyl)-N’-[bis(4-fluorophenyl)methyl]piperazine [103] 

N

N
F

F

Cl

O

 

1-[Bis(4-fluorophenyl)methyl]piperazine (0.01 moles, 2.84 g) and chloroacetyl 

chloride (0.01 moles, 4.2 ml) were reacted according to general method at 3.1.2.1. The yield 

is 35.13%.  

The form of compound is yellow liquid. It is soluble in methanol and hot ethanol; 

chloroform and acetone at room temperature. Rf values at S-1, S-2, S-3 solvent systems are 

0.73, 0.61, 0.85 respectively. 

FT-IR (KBr, cm-1); 3028 (C-H, aromatic), 2971 (C-H, aliphatic), 1736 (C=O, 

amide), 1600 (C=C, aromatic), 1291 (C-N). 

1H-NMR (CDCl3, ppm); 2.37 (t, 2H, piperazine H2, J=4.8 Hz); 2.41 (t, 2H, 

piperazine H6, J= 4.4 Hz); 3.52 (t, 2H, piperazine H3, J= 4.8 Hz); 3.62 (t, 2H, piperazine 

H5, J= 5.2 Hz); 4.03 (s, 2H, -NCOCH2-); 4.24 (s, 1H, (Ar)2CH-); 6.98 (t, 4H, phenyl 

H3,H5,H3’,H5’, J= 8.4 Hz); 7.34 (dd, 4H, phenyl H2,H6,H2’,H6’, J1= 5.2 Hz, J2= 8.4 Hz). 
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Elemental analysis of C19H19ClF2N2O (MW: 364.82 g/mol); 

 % C % H % N 

Calculated 62.55 5.25 7.68 

Found 61.62 5.54 7.25 

 

N-[bis(4-fluorophenyl)methyl]-N’-{[4-(p-chlorophenyl)-1-piperazinyl]acetyl}-

piperazine (Compound 1) 

NN

F

N N

O

Cl

F

 

N-[bis(4-fluorophenyl)methyl]-N’-(2-chloroacetyl)piperazine (0.0017 moles, 

0.6484 g) and potassium carbonate (0.0017 moles, 0.4167 g) in dry acetone (20 ml), were 

mixed for ten minutes then 1-(4-chlorophenyl)piperazine  (0.0017 moles, 0.3612 g) in 10 ml 

acetone were added according to the general synthesis method at 3.1.2.2. The yield is 0.271 

g (30%). 

The form of compound is white, clustered crystals, and the compound has a melting 

point of 179 °C. It is soluble in methanol and hot ethanol; chloroform and acetone at room 

temperature. Rf values in TLC at S-1, S-2, S-3 solvent systems are 0.43, 0.42, 0.20 

respectively. 

UV (MeOH, λmax, nm); 225 (log ε: 4.76), 269 (log ε: 4.67).  

FT-IR (KBr, cm-1); 3011 (C-H, aromatic), 2970 (C-H, aliphatic), 1640 (C=O, 

amide), 1601 (C=C, aromatic), 1241 (C-N). 



51 
 

1H-NMR (CDCl3,ppm); 2.35 (t, 4H, piperazine H2,H6, J=7.6 Hz); 2.63 (t, 4H, 

benzhydrylpiperazine H2’,H6’, J=4.4 Hz); 3.13 (t, 4H, piperazine H3’,H5’, J=4.8 Hz); 3.21 (s, 

2H, -NCH2CO-); 3.62 (t, 4H, benzhydrylpiperazine H3, H5,  J=4.8 Hz); 4.22 (s, 1H, (Ar)2CH-

); 6.82 (dd, 2H, p-chlorophenyl H3,H3’, J1=2.4 Hz, J2=7 Hz); 6.98 (m, 4H, bis(p-

fluoro)benzhydryl H2,H6,H2’,H6’); 7.20 (dd, 4H, p-chlorophenyl H2,H2’, J1=7.2 Hz, J2=2.4 

Hz); 7.35 (dd, 4H, bis(p-fluoro)benzhydryl H3,H5,H3’,H5’, J1=5.2 Hz, J2=8.8 Hz). 

13C-NMR (CDCl3, ppm); 49 (C14,16); 51.64 (C15,17); 52.11 (C20,22); 52.91 (C21,23); 

61.23 (C19); 74.29 (C7); 117.19 (C25,29); 124.59 (C26,28); 128.92 (C2,6,9,13); 129.15 (C3,5,10,12); 

137.6 (C24); 149.78 (C1,8); 160.67 (C27); 163.12 (C4,11); 167.67 (C18). 

LC-MS (m/z); 525.6 (M+); 527.9 (M+2); 323.3 (4-Cl-C6H5-N(CH2CH2)2N-CH2CO-

N(CH2CH2)2N˥+); 203.0 (100%, (4-F-C6H5)2CH˥+). 

Elemental analysis of C29H31ClF2N4O (MW: 525.03 g/mol); 

 % C % H % N 

Calculated 66.39 5.95 10.67 

Found 66.19 6.12 10.46 

 

N-[bis(4-fluorophenyl)methyl]-N’-{[4-(o-hydroxyphenyl)-1-piperazinyl]-

acetyl}piperazine (Compound 2) 

NN

F

F

O

N N

OH
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N-[bis(4-fluorophenyl)methyl]-N’-(2-chloroacetyl)piperazine (0.0017 moles, 

0.6484 g) and potassium carbonate (0.0017 moles, 0.4167 g) in dry acetone (20 ml), were 

mixed for ten minutes then1-(2-hydroxyphenyl)piperazine (0.0017 moles, 0.3307 g) in 10 

ml acetone were added according to the general synthesis method at 3.1.2.2. The yield is the 

yield is 0.3274 g (35.5%). 

The form of compound is white, opaque, powdered crystals and the compound has 

a melting point above 300 °C. It is soluble in methanol and hot ethanol; DMSO and acetone 

at room temperature. Rf values in TLC at S-1, S-2, S-3 solvent systems are 0.44, 0.39, 0.18 

respectively. 

UV (MeOH, λmax, nm); 204 (log ε: 4.97), 274 (log ε: 4.09).   

FT-IR (KBr, cm-1); 3375-2993 (OH), 3069 (C-H, aromatic), 2955 (C-H, aliphatic), 

1636 (C=O), 1602 (C=C), 1232 (C-N). 

1H-NMR (CDCl3, ppm); 2.39 (bs, 4H, piperazine H2, H6); 2.83 (bs, 4H, 

benzhydrylpiperazine H2’, H6’); 2.95 (bs, 4H, piperazine H3’, H5’); 3.36 (bs, 2H, -NCH2CO-

); 3.62 (bs, 4H, benzhydrylpiperazine H3, H5); 4.26 (s, 1H, (Ar)2CH-); 6.85 (m, 1H, o-

hydroxyphenyl H4); 6.93 (dd, 2H, hydroxyphenyl H6,H5, J1=3.5 Hz, J2=6.9 Hz); 7.05 (m, 

4H, bis(p-fluoro)benzhydryl H2, H6, H2’, H6’); 7.14 (dd, 1H, o-hydroxyphenyl H3, J1=3.0 Hz, 

J2=7.1 Hz); 7.35 (bs, 4H, bis(p-fluoro)benzhydryl H3, H5, H3’, H5’ ). 

Elemental analysis of C29H32F2N4O2 (MW: 506.58 g/mol); 

 % C % H % N 

Calculated 68.76 6.37 11.06 

Found 68.04 6.37 10.69 
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N-[bis(4-fluorophenyl)methyl]-N’- {[p-methylphenyl)-1-piperazinyl]acetyl}-

piperazine (Compound 3) 

NN

F

F

O

N N CH3

 

N-[bis(4-fluorophenyl)methyl]-N’-(2-chloroacetyl)piperazine (0.0017 moles, 

0.6484 g) and potassium carbonate (0.0017 moles, 0.4167 g) in dry acetone (20 ml), were 

mixed for ten minutes then 1-(4-methylphenyl)piperazine (0.0017 moles, 0.3057 g) in 10 ml 

acetone were added according to the general synthesis method at 3.1.2.2. The yield is 0.158 

g (18%) 

The form of compound is white, powdered crystals and the compound has a melting 

point 194.3 °C. It is soluble in methanol, hot ethanol, chloroform and acetone at room 

temperature. Rf values in TLC at S-1, S-2, S-3 solvent systems are 0.48, 0.40, 0.20 

respectively.  

UV (MeOH, λmax, nm); 204 (log ε: 4.94), 225 (log ε: 4.91), 265 (log ε: 4.81) . 

FT-IR (KBr, cm-1); 3008 (C-H, aromatic), 2969 (C-H, aliphatic), 1641 (C=O), 1601 

(C=C), 1211 (C-N). 

1H-NMR (CDCl3, ppm); 2.1 (s, 3H, CH3); 2.35 (bs, 4H, piperazine H2, H6); 2.82 (bs, 

4H, benzhydrylpiperazine H2’, H6’); 3.20 (bs, 4H, piperazine H3’, H5’); 3.34 (bs, 2H, -

NCH2CO-); 3.61 (bs, 4H, benzhydrylpiperazine H3, H5), 4.23 (s, 1H, (Ar)2CH-); 6.83 (d, 2H, 

p-methylphenyl H3, H5, J= 6.8 Hz); 6.98 (t, 4H, bis(p-fluoro)benzhydryl H2, H6, H2’, H6’, 

J=6.9 Hz); 7.07 (d, 2H, p-methylphenyl H2, H6, J=7.0 Hz); 7.4 (bs, 4H, bis(p-

fluoro)benzhydryl H3, H5, H3’, H5’ ). 
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Elemental analysis of C30H34F2N4O (MW: 504.61 g/mol); 

 % C % H % N 

Calculated 71.41 6.79 11.10 

Found 70.97 6.89 11.01 

 

N-[bis(4-fluorophenyl)methyl]-N’-{[4-(m-methylphenyl)-1-piperazinyl}acetyl-

piperazine (Compound 4) 

NN

N N

O CH3

F

F  

N-[bis(4-fluorophenyl)methyl]-N’-(2-chloroacetyl)piperazine (0.0017 moles, 

0.6484 g) and potassium carbonate (0.0017 moles, 0.4167 g) in dry acetone (20 ml), were 

mixed for ten minutes then 1-(m-methylphenyl)piperazine (0.0017 moles, 0.331 g) in 10 ml 

acetone were added according to the general synthesis method at 3.1.2.2. The yield is 0.211 

g (24%). 

The form of compound is white, powdered crystals, and the compound has a melting 

point above 300 °C. It is soluble in methanol and hot ethanol, chloroform and acetone at 

room temperature. Rf values in TLC at S-1, S-2, S-3 solvent systems are 0.46, 0.47, 0.23 

respectively.  

UV (MeOH, λmax, nm); 231 (log ε: 5.14), 206 (log ε: 5.09), 269 (log ε: 5.07). 

FT-IR (KBr, cm-1); 3045 (C-H, aromatic), 2966 (C-H, aliphatic), 1638 (C=O), 1602 

(C=C, aromatic), 1215 (C-N). 
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1H-NMR (CDCl3, ppm); 2.31 (s, 3H, CH3); 2.36 (bs, 4H, piperazine H2, H6); 2.82 

(bs, 4H, benzhydrylpiperazine H2’, H6’); 3.24 (bs, 4H, piperazine H3’, H5’); 3.35 (bs, 2H, -

NCH2CO-); 3.61 (bs, 4H, benzhydrylpiperazine H3, H5), 4.23 (s, 1H, (Ar)2CH-); 6.72 (t, 3H, 

m-methylphenyl H4, H5, H6, J= 8.4 Hz); 6.98 (t, 4H, bis(p-fluoro)benzhydryl H2, H6, H2’, H6’, 

J=8.8 Hz); 7.15 (t, 1H, m-methylphenyl H2, J=8.0 Hz); 7.34 (bs, 4H, bis(p-fluoro)benzhydryl 

H3, H5, H3’, H5’). 

Elemental analysis of C30H34F2N4O (MW: 504.61 g/mol); 

 % C % H % N 

Calculated 71.41 6.78 11.10 

Found 71.50 6.89 11.18 

 

N-[bis(4-fluorophenyl)methyl]-N’-{[4-(m-methoxyphenyl)-1-piperazinyl]-

acetyl}piperazine  (Compound 5) 

NN

N N

O

O CH3

F

F  

N-[bis(4-fluorophenyl)methyl]-N’-(2-chloroacetyl)piperazine (0.0017 moles, 

0.6484 g) and potassium carbonate (0.0017 moles, 0.4167 g) in dry acetone (20 ml), were 

mixed for ten minutes then 1-(3-methoxyphenyl)piperazine  (0.0017 moles, 0.254 ml) in 10 

ml acetone were added according to the general synthesis method at 3.1.2.2.The yield is 

0.1549 g (40%). 

The form of compound is yellow, powdered crystals and the compound has melting 

point above 300 °C. It is soluble in methanol and hot ethanol, CHCl3 and acetone at room 
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temperature. Rf values in TLC at S-1, S-2, S-3 solvent systems are 0.38, 0.39, 0.20 

respectively. 

UV (MeOH, λmax, nm);208 (log ε: 5.12). 

FT-IR (KBr, cm-1), 3069 (C-H, aromatic), 2932 (C-H, aliphatic), 1640 (C=O), 1603 

(C=C, aromatic), 1213 (C-O). 

1H-NMR (CDCl3, ppm);  2.34 (m, 4H, piperazine H2, H6); 2.62 (t, 4H, 

benzhydrylpiperazine H2’, H6’, J=4.6 Hz); 3.16 (t, 4H, piperazine H3’ H5’ , J=4.8 Hz); 3.2 (s, 

2H, -NCH2CO-); 3.62 (q, 4H, benzhydrylpiperazine H3, H5, J=4.8 Hz); 3.79 (s, 3H, -OCH3); 

4.21 (s, 1H, (Ar)2CH); 6.44 (m, 2H, m-methoxyphenyl, H4,H6); 6.51 (dd, 1H, m-

methoxyphenyl H5, J1=6.4 Hz, J2=3.2 Hz); 6.97 (t, 4H, bis(p-fluoro)benzhydryl H2, H6, H2’, 

H6’, J=7.0 Hz); 7.18 (t, 1H, m-methoxyphenyl H2, J=8.0 Hz); 7.34 (dd, 4H, bis(p-

fluoro)benzhydryl H3, H5, H3’, H5’,  J1=3.2 Hz, J2=6.4 Hz). 

Elemental analysis of C30H34F2N4O2 (MW: 520.6 g/mol); 

 % C % H % N 

Calculated 68.21 6.58 10.76 

Found 68.25 6.98 10.83 

 

N-[bis(4-fluorophenyl)methyl]-N’-{[4-benzoyl-1-piperazinyl]acetyl}piperazine 

(Compound 6) 

NN

F

F

O

N N

O
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N-[bis(4-fluorophenyl)methyl]-N’-(2-chloroacetyl)piperazine (0.0017 moles, 

0.6484 g) and potassium carbonate (0.0017 moles, 0.4167 g) in dry acetone (20 ml), were 

mixed for ten minutes then 1-benzoylpiperazine (0.0017 moles, 0.2745 g) in 10 ml acetone 

were added according to the general synthesis method at 3.1.2.2. The yield is 0.530 g (59%). 

The form of compound is white, opaque, powdered crystals and the compound has 

a melting point above 300 °C. It is soluble in methanol and hot ethanol, chloroform and 

acetone at room temperature. Rf values in TLC at S-1, S-2, S-3 solvent systems are 0.06, 

0.26, 0.06 respectively. 

UV (MeOH, λmax, nm); 203 (log ε: 4.32), 225 (log ε: 4.28) 

FT-IR (KBr, cm-1), 3059 (C-H, aromatic), 2977 (C-H, aliphatic), 1624 (C=O, 

overlap), 1600 (C=C), 1265 (C-N). 

1H-NMR (DMSO, ppm); 2.21 (t, 4H, piperazine H2, H6, J=4 Hz); 2.26 (m, 4H, 

benzhydrylpiperazine H2’, H6’); 3.13 (s, 2H, -NCH2CO-); 3.42 (t, 4H, piperazine H3’, H5’, 

J=4.6 Hz); 3.52 (t, 4H, benzhydrylpiperazine H3,H5, J=4.8 Hz); 4.39 (s, 1H, (Ar)2CH-); 7.11 

(t, 4H, bis(p-fluoro)benzhydryl H2, H6, H2’, H6’,  J=7.0 Hz); 7.33 (m, 2H, benzoyl H2, H6), 

7.32 (m, 3H, benzoyl H3, H4, H5); 7.38 (m, 4H, bis-(p-fluoro)benzhydryl H3, H5, H3’, H5’). 

Elemental analysis of C30H32F2N4O2 .H2O (MW: 536.61g/mol); 

 % C % H % N 

Calculated 67.15 6.39 10.44 

Found 67.36 6.43 10.43 
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N-[bis(4-fluorophenyl)methyl]-N’-{[4-(2,4-dichlorobenzyl)piperazinyl]acetyl}-

piperazine (Compound 7)  

NNH

O

N N Cl

Cl 

N-[bis(4-fluorophenyl)methyl]-N’-(2-chloroacetyl)piperazine (0.0017 moles, 

0.6484 g) and potassium carbonate (0.0017 moles, 0.4167 g) in dry acetone (20 ml), were 

mixed for ten minutes then 1-(2,4-dichlorobenzyl)piperazine (0.0017 moles, 0.3423 ml) in 

10 ml acetone were added according to the general synthesis method at 3.1.2.2. The yield is 

0.2638 g (26%). 

This compound forms yellow, flat crystals and compound has melting point above 

300 °C. It is soluble in methanol and hot ethanol; chloroform and acetone at room 

temperature. Rf values in TLC at S-1, S-2, S-3 solvent systems are 0.02, 0.19, 0.13 

respectively.  

UV (MeOH, λmax, nm); 233 (log ε: 4.93). 

FT-IR (KBr, cm-1); 3070 (C-H, aromatic), 2966 (C-H, aliphatic), 1631(C=O amide), 

1604 (C=C, aromatic), 1245 (C-N). 

1H-NMR (CDCl3, ppm); 2.30 (m, 4H, piperazine H2, H6); 2.65 (bs, 8H, 

benzhydrylpiperazine); 3.25 (s, 2H, -NCH2CO-); 3.60 (m, 4H, piperazine H3,H5); 3.70 (s, 

2H, -NCH2Ph); 4.25 (s, 1H, (Ar)2CH-); 7.0 (t, 4H, bis(p-fluoro)benzhydryl H2, H6, H2’, H6’ 

J=6.8 Hz); 7.2 (s, 1H, 2,4-dichlorophenyl H3); 7.34 (d, 1H, 2,4-dichlorophenyl H6, J=7.34 

Hz); 7.38 (d, 4H,  bis-p-fluoro)benzhydryl H3, H5, H3’, H5’, J=7.37 Hz); 7,56 (bs, 1H, 2,4-

dichlorophenyl H5). 

LC-MS (m/z); 573.6 (M+); 575.9 (M+2); 371.5 (2,4-diCl-(C6H5)CH2-N(CH2CH2)2N-

CH2CO-N(CH2CH2)2N˥+); 203.1 (100%, (4-F-C6H5)2CH˥+). 
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Elemental analysis of C30H32Cl2F2N4O (MW: 573.50 g/mol); 

 % C % H % N 

Calculated 62.83 5.62 9.77 

Found 61.98 5.67 9.80 

 

N-[bis(4-fluorophenyl)methyl]-N’-{[(2,6-dicholorobenzyl)-1-piperazinyl]-

acetyl}piperazine (Compound 8) 

NN

F

F

O

N N Cl

Cl

 

N-(2-chloroacetyl)-N’-bis (4-flurophenyl) methyl piperazine (0.0017 Moles, 0.6484 

g), (0.0017 Moles 0.4167 g) of potassium carbonate in dry acetone (20 ml), mixing for ten 

minutes then 1-(2,6-dichlorobenzyl)piperazine (0.0017 moles, 0.4167 g) in 10 ml acetone 

were reacted according to the general synthesis method at 3.1.2.2. The yield is 0.200 g 

(22%). 

The form of compound is white, white powdered crystals and the compound has a 

melting point of above 300 °C. It is soluble in methanol and hot ethanol, chloroform and 

acetone at room temperature. Rf values in TLC at S-1, S-2, S-3 solvent systems are 0.53, 

0.51, 0.30 respectively. 

UV (MeOH, λmax, nm); 211 (log ε: 5.16), 225 (log ε: 5.15). 

FT-IR(KBr, cm-1); 2962 (C-H,aromatic), 2931 (C-H,aliphatic), 1638 (C=O), 1601 

(C=C), 1245 (C-N). 
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1H-NMR (CDCl3, ppm); 2.32 (m, 4H, piperazine H2, H6); 2.62 (bs, 4H, 

benzhydrylpiperazine H2’, H6’); 2.70 (bs, 4H, piperazine H3’, H5’); 3.3 (s, 2H, -NCH2Ph); 

3.60 (t, 4H, benzhydrylpiperazine H3, H5 J=3,5 Hz); 3.80 (s, 2H, NCH2O); 4.25 (s, 1H, 

(Ar)2CH); 6.98 (m,  bis-p-fluoro)benzhydryl, H2, H6, H2’,H6’); 7.14 ( t, 1H, 2,6-

dichlorophenyl H4 , J=8.4 Hz); 7.3 (d, 4H bis(p-fluoro)benzhydryl H3, H5, H3’, H5’, J=7.37 

Hz); 7.4 (dd,  2H, 2,6-dichlorophenyl H3, H5, J1= 5.2 Hz,  J2=8.4 Hz).     

Elemental analysis of C30H32Cl2F2N4O (MW: 573.50 g/mol); 

 % C % H % N 

Calculated 62.83 5.62 9.77 

Found 62.89 5.78 9.74 

 

N-[bis(4-fluorophenyl)methyl]-N’-{[4-(2,4,6-trimethylbenzyl)-1-piperazinyl]-

acetyl}piperazine  (Compound 9)  

NNH

N N

O

CH3

CH3

CH3

 

 

N-(2-chloroacetyl)-N’-[bis(4-fluorophenyl)methyl]piperazine (0.0017 Moles, 

0.6484 g), (0.0017Moles 0.4167 g) of potassium carbonate in dry acetone (20 ml), mixing 

for ten minutes then 1-(2,4,6-trimethylbenzyl)piperazine (0.0017 moles, 0.4051g) in 10 ml 

acetone were reacted according to the general synthesis method at 3.1.2.2. The yield is 0.156 

g (16%). 

The form of compound is white, powdered crystals and the compound has melting 

point of 120.6 °C. It is soluble in methanol and hot ethanol; CHCl3 and acetone at room 
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temperature. Rf values in TLC at S-1, S-2, S-3 solvent systems are 0.46, 0.52, 0.33 

respectively.  

UV (MeOH, λmax, nm); 204 (log ε: 5.0) 236 (log ε: 5.11). 

FT-IR (KBr, cm-1); 2986 (C-H, aromatic), 2962 (C-H, aliphatic), 1632 (C=O), 1600 

(C=C, aromatic), 1247 (C-N). 

1H-NMR (CDCl3, ppm); 2.35 (s, 2H, -NCH2Ph); 2.38 (s, 9H, (CH3)3); 2.55 (bs, 8H, 

piperazine H2, H6, benzhydrylpiperazine H2’, H6’);  3.18 (s, 2H, -NCH2CO); 3.60 (t, 8H, 

piperazine H3, H5, benzhydrylpiperazine H3’, H5’ J=5.6 Hz); 4.20 (s, 1H, (Ar)2CH); 6.84 (s, 

1H, 2,4,6-trimethylphenyl); 7.0 (m, 4H, bis(fluoro)benzhydryl) H2, H6, H2’, H6’); 7.3 (m,4H, 

bis(fluoro)benzhydryl) H3, H5, H3’, H5’). 

LC-MS (m/z); 547.8 (M+); 549.1 (M+2); 345.4 (2,4,6-(CH3)3-C6H5-CH2-

N(CH2CH2)2N-CH2CO-N(CH2CH2)2N˥+); 203.1 (100%, (4-F-C6H5)2CH˥+). 

 Elemental analysis of C33H40F2N4O .H2O (MW: 564.71 g/mol); 

 % C % H % N 

Calculated 70.19 7.50 9.92 

Found 71.15 7.52 10.03  
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4.2. Pharmacological Studies 

Cytotoxic activity results of synthesized molecules are given at Table 4.1. 

Table 4.1. GI50 values of compounds screened in liver (Huh7), breast (MCF-7) and 

colorectal (HCT-116) cancer cell lines by means of Sulforhodamine B assay.  

Compound R 
Cancer Cell Line (GI50, µM)* 

Huh7 MCF-7 HCT-116 

1 p-Chlorophenyl 10.09 17.81 4.36 

2 o-Hydroxyphenyl 9.57 20.74 10.37 

3 p-Methylphenyl 15.75 103.69 14.13 

4 m-Methylphenyl 9.60 15.56 9.48 

5 m-Methoxyphenyl 7.04 16.19 10.07 

6 Benzoyl 93.87 618.97 22.96 

7 2,4-Dichlorobenzyl 8.87 14.00 8.66 

8 2,6-Dichlorobenzyl 9.67 11.05 7.03 

9 2,4,6-Trimethylbenzyl 11.40 18.27 6.50 

5-Fluorouracil 18.67 3.51 30.66 

* All tests were performed as triplicate (0 < R2 < 1).  
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5. DISCUSSION AND CONCLUSION 

In this study, 9 novel compounds having 1-[bis(4-fluorophenyl)methyl]piperazine 

derivatives were prepared and evaluated for their in vitro cytotoxic activity on breast (MCF-

7), hepatocellular (Huh7) and colorectal (HCT-116) carcinoma cell lines. UV, IR, 1H-NMR, 

13C-NMR, and mass spectra assisted the confirmation of the structures. In addition, purity 

of the compounds was determined by elemental analysis. The target compounds mentioned 

in this study were prepared according to the synthetic pathway depicted in scheme 5.1.  

N

NH

F

F

Cl

O

Cl

+ N

N

F

F

O

ClDCM:TEA
    20:1

 

+N

N

F

F

O

Cl

N

N

R

H

K2CO3 N

N

F

F

O

N

N
R

 

Scheme 5.1. General synthesis pathway of compounds. 

N-(bis-4-fluorophenyl)methyl)piperazine was reacted with chloroacetyl chloride in 

alkaline medium to obtain N-(chloroacetyl)-N’-[bis(4-fluorophenyl)methyl]piperazine. 

Nucleophilic substitution reaction afforded oily product purified by column 

chromatography. n-Hexane:Ethyl acetate (1:1) mobile phase and silica gel stationary phase 

yielded pure starting compound. 
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Scheme 5.2. Proposed reaction mechanism of N-acetylation  

N-(chloroacetyl)-N’-bis(4-fluorophenyl)methyl)piperazine was reacted with 

piperazine derivatives in alkaline medium in order to prepare N-[2-(4-substitutedpiperazin-

1-yl)acetyl]-N’-[bis(4-fluorophenyl)methyl]piperazines. N-alkylation reaction afforded 

target compounds in yields of 20-60%. 
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Scheme 5.3. Proposed reaction mechanism of N-alkylation  

Following the synthesis of compounds, elucidation of their structures with spectral 

analysis was carried out. Spectral data are found to be in accordance with expected 

structures. Compound 1 is chosen as the representative structure for characterization of 

compounds in the series. 

NN

F

F

N N Cl

O

 

Figure 5.1. Structure of compound 1 
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In UV spectra of compound 1 there are two significant bands at 225 nm (log ε: 4.76) 

and 269 nm (log ε: 4.67) which represent π  π* transition of aromatic rings and n  π* 

transition of amide carbonyl group. 

 

Figure 5.2. UV spectrum of compound 1 

IR spectrum of compound 1 shows aryl C-H stretching frequencies at 3011 cm-1. 

Amide carbonyl wavenumber corresponds to 1640 cm-1. Other signals are observed as 

following: 2970 cm-1 (C-H; aliphatic), 1601(C=C; aromatic) and 1241 cm-1 (C-N).  
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Figure 5.3. IR spectrum of compound 1   

 

Mass spectra of benzhydrylpiperazine derivatives are illustrated with compound 1. 

M+ peak is observed at 525.6 (m/z) and fragmentation products give peaks at 203 (m/z) 

(100%) and 323 (m/z). M+2 peak is also detected at 527.9 (m/z) which corresponds to 

chloride isotope. The fragmentation pattern is illustrated in scheme 5.3. 
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Scheme 5.4. Mass fragmentation pattern of compound 1. 

 

 

Figure 5.4. Mass spectrum of compound 1. 
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1H-NMR spectra of benzhydrylpiperazine derivatives are represented with 

compound 1. Protons of piperazine are seen at 2.35 (t, 4H, H3) ppm, 2.63 (t, 4H, H1) ppm, 

3.13 (t, 4H, H4), and 3.62 (t, 4H, H2) respectively. Carbonyl methylene gives singlet 3.21 

ppm. Diphenylmethyl C-H gives singlet at 4.22 ppm. Aromatic rings give at 6.82-7.35 ppm.  

NN

F

F

N N

O

Cl
H1

H1

H2

H2

H3 H4

H3 H4

 

 

Figure 5.5. 1H-NMR spectrum of compound 1. 

The 13C-NMR spectrum of the compound 1 was taken in CDCl3. Characteristic peaks 

of benzhydrylpiperazine derivatives were observed at 49, 51.64, and 52.11, 52.91 ppm for 

piperazine rings, 74.29 ppm for diphenylmethyl carbon and 167.67 ppm for carbonyl group.  



70 
 

NN

F

N N

O

Cl

F

12

3

4 5

6

7

11 12

13

14 15

17

  18

19

20 21

22 23

24

25 26

27

2829

8

10

9
16

 

 

Figure 5.6. 13C-NMR spectrum of compound 1. 

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

1 149.78 16 49.0 

2 128.92 17 51.64 

3 129.15 18 167.67 

4 163.12 19 61.23 

5 129.15 20 52.11 

6 128.92 21 52.91 

7 74.29 22 52.11 

8 149.78 23 52.91 

9 128.92 24 137.6 

10 129.15 25 117.9 

11 163.12 26 124.59 

12 129.15 27 160.67 

13 128.92 28 124.59 

14 49.0 29 117.19 

15 51.64   
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All of the synthesized compounds have been evaluated for in vitro cytotoxic activity 

by Sulforhodamine B (NCI-SRB) assay. The results are given in Table 4.1. 

In general, most of the compounds are more cytotoxic than 5-fluorouracil against 

hepatocellular (Huh7) and colorectal (HCT-116) cancer cell lines. However, the activity 

against breast cancer cell line (MCF-7) is not as good as 5-fluorouracil for none of the 

compounds. 

The most active compound for Huh7 cell line is m-methoxyphenyl derivative 

(compound 5; GI50 = 7.04 µM). Other compounds with GI50 values lower than 10 µM have 

hydroxyphenyl, methylphenyl, dichlorobenzyl groups on piperazine (compounds 2, 4, 7, 8). 

Interestingly, p-methyl substituted compound 3 (GI50 = 15.75 µM) has lower cytotoxicity 

than m-methyl substituted compound 4 (GI50 = 9.60 µM). 

In breast (MCF-7) cancer cell line, all benzhydrylpiperazine derivatives are less 

cytotoxic than 5-fluorouracil (5-FU). In similarity with Huh7 results, m-methylphenyl 

derivative (compound 4; GI50 = 15.56 µM) has higher cytotoxicity than p-methylphenyl 

derivative (compound 3; GI50 = 103.69 µM).  

In colorectal (HCT-116) cancer cell line, all of the synthesized compounds have 

higher cytotoxicity activity than 5-fluorouracil, and the most active compound is p-

chlorophenyl derivative (compound 1; GI50 = 4.36 µM). Other compounds with GI50 values 

lower than 10 µM is benzylpiperazine derivatives (compounds 7, 8, 9) along with m-

methylphenyl substituted compound 4. In accordance with previous cell lines, m-

methylphenyl derivative (compound 4; GI50 = 9.48 µM) has higher cytotoxicity than p-

methylphenyl derivative (compound 3; GI50 = 14.13 µM).  

 

In summary, we have synthesized nine original benzhydrylpiperazine derivatives 

which have been tested for their cytotoxic activities on several cell lines of breast (MCF-7), 

hepatocellular (Huh7), and colorectal (HCT-116) cancer families. In order to obtain a 

rational structure activity relationship, compound set should be enlarged as a future plan. In 

addition, the cytotoxicity mechanism will be enlightened for the active compounds.  
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